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. are trade-marks representing a diversified 
range of acid, chrome, anthraquinone, milling 
and pre-metalized types of dyes for application 
to wool in various stages of manufacture. 
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Here’s your answer to sharp definition in color printing. Sherdye, the prod- 
uct of continuing and painstaking research by Sherwin-Williams’ chemists 
and technicians, offers you new bright colors exceptionally fast to sunlight, 
resistant to washing, easy and economical to apply. 


Sherdye prints by a new method through the use of permanent and in- 
soluble pigments suspended in a special vehicle. Colors are shipped ready 


to use, a saving to you in preparation costs. Color-matching is quick and easy. 


Let us show you how the new, modern Sherdye colors will improve your 
printing results, cut costs, eliminate time-taking after-treatment, give you 
quicker, more economical plant operation. 
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Yes, Sir, we did just that, because we know 
you want us to subject our new Vat Printing 
Powders to your conditions and the most 
vigorous practical tests possible before 
we offer them to you— therefore we do 
this work under actual plant conditions. 


Extensive research has developed a line 
of completely dispersible Thioindigoid and 


Anthraquinone types which assure you 


an ease of preparation and application 
never before obtainable. These Vat Print- 
ing Powders give you hairline printing, 
better pattern definition and unusual 
penetration and fastness. For superior 
printing on cotton, rayon or silk specify 
National Carbanthrene Printing Powders. 


Research men, trained in practical print- 


ing problems, are always at your service. 


NATIONAL ANILINE & CHEMICAL COMPANY, INC. 


40 RECTOR STREET 
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THE UTILIZATION OF EQUIPMENT 


ARTHUR BESSE, A.B.** 
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T is not for me to welcome the graduating class of the 
Lowell Textile Institute into one of the several 
Nor shall I attempt 
to give you the one missing thought you may have vainly 
pursued these many months—the one true key to the 
complicated problem of how to make good in the textile 


industry. 


branches of the textile industry. 


You have had the opportunity of studying at 
one of the leading textile schools of the country. If there 
are holes in your armor or gaps in the fullness of your 
technical knowledge, I am not going to attempt to correct 
in 20 minutes deficiencies which perhaps have been in the 
making for several years. If you couldn't remember those 
things which Professor Barker and others on the faculty 
have tried to pass on to you, I am sure you would likewise 
forget if the same things were now repeated to you on a 
more profound occasion by a less profound person. 

[ prefer to speak rather on the utilization of equipment. 
Ere you conjure up visions of data on machine efficiency 
or before you review the arguments for and against the 
third shift, I can put you at ease by saying that I refer not 
to textile equipment at all, but to mental equipment. Mental 
equipment is not standard—it can not be bought as one 
would buy a W-3 loom—but like a W-3 loom it represents 
capital equipment, and unless it is put into use and oper- 
ated, one obtains no return on this part of his invested 
capital. 

Everyone who buys an expensive piece of machinery 
contrives if he can to keep it running on a full schedule so 
that it will not, like the idle horse, eat its head off in the 
stable. But many of us with substantial investments in 
our own education seem content to leave our minds—after 
all the end product of our educational efforts—virtually 
inactive. Once the coveted diploma is secured, we wrap 
the mind up carefully in various types of protective cover- 
ing, secure in the consciousness that its delicate mechanism 
will henceforth be adequately protected against the shocks 
of an unfriendly world. The mind is the only capital 
asset which can be used for years without depreciation. 
Yet, while we run machines at peak rates and wear them 


*Commencement address, Lowell Textile Institute, Lowell, Mas- 
sachusetts, June 10, 1941. 
**President, National Association of Wool Manufacturers. 


June 23, 1941 


JUNE 23, 1941 


NUMBER 13 


out making goods to sell below cost, we let the mind stand 
idle, despite the fact that we could operate it without cost, 
with the value of the resultant product representing a clear 
profit. 

A great portion of the world’s ills today may be at- 
tributed to man’s inability or unwillingness to think. I say 
unwillingness advisedly because it seems that the stubborn 
refusal of some men to think is such that it cannot be 
explained alone by lack of ability to think but must be due 
to nothing less than firm resolve to keep the mind from 
functioning at all. 

The lack of thinking—the failure of people to look be- 
hind the fair words of the orator to discover the essence 
of the plans beneath—that lack, more than anything else, 
has enabled power drunk tyrants and pseudo-dictators to 
lull into inaction the only groups that might successfully 
have prevented their rise to power. In Germany the 
groups that assisted the grab of power were hoodwinked 
into supporting a mad man who was clever enough to play 
upon personal weaknesses and astute enough to realize 
that few would weigh the problems with sufficient objec- 
tiveness to discern his real designs. These men have now 
been purged along with those who actively opposed the 
new order. The strategy has been to crush the weak but 
to outwit the strong—to use the strong and secure their 
help by playing on their desire to believe what they wanted 
to believe, while relying upon their reluctance to really 
think. 


It is the essence of a democracy that individuals do their 
own thinking. When the members of a democracy permit 
some one to do their thinking for them—whether the in- 
tentions of those to whom the responsibility for thinking 
has been delegated are men of integrity or not—at that 
moment democracy becomes imperiled. In a democracy 
we should not listen to the loudest voice nor to the most 
persistent, but to the voice which represents the most 
objective and clearest concept of democratic thought. When 
the voice to which we listen is the voice of authority rather 
than the voice of reason, we are at least part way on the 
road to dictatorship. 


The ability of the members of a country to think is the 
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only force assuring the integrity of the governing body. 
The necessity for proving the wisdom of a proposed course 
of action to an intelligently skeptical electorate is the only 
safeguard which can permanently insure the integrity of a 
government based in any degree upon the support of the 
people. When this check is gone, when the government 
no longer has to prove its case to citizens who can think 
for themselves, the way is opened for a grab of power, a 
concentration of authority, and for devices which put the 
citizen in a position where he no longer can protest, where 
his vote is no longer a brake on the greed and avarice of 
his rulers. 

Paraphrasing the title of William James’ “The Will to 
Believe,” Bertram Russell has written a most valuable little 
book called “The Will to Doubt.” This book should be a 
“must” in any educational program. Mr. Russell does not 
advocate a nation of skeptics but he does point out the 
importance of not accepting statements without first making 
an analysis of what they mean—or as is often the case, of 
what they attempt to conceal. Thoughts and ideas are 
not to be swallowed like doctors’ pills with a blind re- 
liance on the infallibility and the super-intelligence of the 
one who concocted them. We have to take pills on faith— 
or go without and hope Nature can cure us without aid 
from the medical profession. But we do not have to accept 
ideas and opinions in the same way. Particularly should 
we be suspicious of ideas too plausibly and too smoothly 
expressed. The more bitter the pill the heavier the sugar 
coating; the more sinister the propaganda the more care- 
fully is its real nature hidden. How many of the German 


industrialists who originally supported National Socialism 


wish they had listened less and thought more. Had they 
been keener to analyze the proposals and less intrigued 
with a glibly promised solution of certain immediate prob- 
lems, they might have averted their present condition of 
industrial servitude. 


Do not think that I speak only of the totalitarian coun- 
tries of Europe and of Asia. The disinclination or the 
inability to think is today just as evident in America as it is 
in Europe, and the results here may be quite as tragic. 
We have lost the safeguards which insured integrity in 
our government, and we have shown a digestive aptitude 
for false economic and political dogma which invites and 
assures more of the same diet. Perhaps already we have 
gone too far along the road to dictatorship to have any 
longer the alternative of thinking, of analyzing, and of 
choosing our course of action. Perhaps we have not soon 
enough sensed the essence of what was happening to our 
democratic institutions. Consider for example our Supreme 
Court—once the citadel of impartial objective thought. 
It is getting closer and closer to the point where it may 
become a mere adjunct of a political machine, a group 
of advocates rather than a court of judges. What kind 
of a safeguard for Liberty will the Supreme Court be if it 
is allowed to become a part of the maelstrom of political 
life—“subject to the shams, hypocrisies and compromising 
expediencies of political maneuvering ?” 
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We cannot claim that a watchful electorate has com- 
pelled our own government to maintain its integrity. It js 
only too evident how this administration evaluates the 
ability of its citizens to think when time and time again 
it justifies its requests for legislative action by reasons 
which thinking men cannot possibly accept as honest ex- 
pressions of its real purposes. May I cite chapter and 
verse? 

There is the demand for a continuation of the power 
to devalue the dollar—a power which, we were told in 
1933, was needed because prices were falling, but which 
we are now told is needed despite the obvious fact that 
prices are increasing. 

There is the insistence upon certain pet projects—the 
St. Lawrence Waterway, the Passamaquoddy Dam, the 
Florida Ship Canal—all demanded in the name of National 
Defense. The contribution these projects could make to 
National Defense would be distinctly a negative one— 
drawing needed labor and needed materials from important 
defense undertakings. 

There are repeated exhortations to all of us to do our 
part for national defense, while at the same time certain 
agencies of the government are aiding the farmers and the 
labor groups to turn the defense effort to their personal 
advantage. The signs now read: “This means you— 
unless you are a farmer or a labor union man.” 


There is the assurance given us that American boys 
will not be sent abroad to fight. These assurances would 
be more convincing to those who actually think about them 
were it not for the taking over of numbers of ships for 
conversion into army transports. We are told that our 
present military efforts are solely for defense. It seems to 
many of us that this country already is conducting an 
offensive campaign against Germany, Italy and Japan— 
a campaign which undoubtedly would be branded as an 
offensive save for the fact that it has not yet suited the 
convenience of the Axis so to characterize it. 


We hear abuse and blame heaped upon steel and 
aluminum men because supplies are inadequate when we 
know that the real difficulty is due to the failure to develop 
any key plan—even a tentative one—a year ago. 

We read of a new bill permitting the requisitioning of 
anything, anywhere, which some attempt to justify by more 
or less indirect and—in view of the record—far from con- 
vincing references to strikes in defense industries. Is such 
authority needed, or would it be desired, in a really demo- 
cratic set up? 

However noble the motive, can we be proud of the 
cruel deception of Greece and Yugoslavia by offers of aid, 
which a thinking person should have known we were in no 
position to deliver? 

We did not begin to arm ourselves until one short year 
ago. We have, as is only too well known, no arsenal upon 
which our own troops in training can draw, let alone the 
troops of a foreign country actually engaged in hostilities. 

(Continued on page 343) 
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Testing of 


MOTH-PROOFING PREPARATIONS 


and 


IDENTIFICATION OF MOTH DEFECTS* 


DR. HUGH H. MOSHER** 


AN in his evolution to a civilized being has 
always been accompanied by a retinue of living 
organisms. These include not only those mam- 

malia, selected to perform some useful purpose or satisfy 
some human desire, but 
organisms as well. 


various insects and micro- 

The mammalia, for the most part, had been unwilling co- 
operators, who taxed all of man’s guile and ingenuity to 
tame into useful friends; the horse to aid man in his 
labors, cattle to supply man with its flesh as food and milk 
for dairy products, poultry for her eggs 


ggs and dog for its 
companionship. 

The insects and micro-organisms had been voluntary 
associates who willingly exchanged the greater rigors and 
climatic inclemencies of their 
greater comfort in man’s abode. 


natural habitat for the 

The influence of the insects or tiny invertebrata and 
micro-organisms on man’s well being has been a mixed 
blessing. Man made use of certain of the bacterial and 
yeast organisms to furnish him with fermented beverages 


and from them spirituous liquors. Cheese owes its ex- 


istence to various fungi and micro-organisms and many 


of the older methods of processing and dyeing textiles 
were due to bacterial and fungal agencies. 

The insects, for the most part, partook of man’s hos- 
pitality as an inherent right and played no part in pro- 
ducing greater human satisfaction. Indeed many, with 
base ingratitude, repaid for their shelter by undermining 
man’s home, rotting and eating his wearing apparel, 
contaminating his food and in other ways destroying the 
fruits of his labor. Such insects are known as pests. 

Among the pests must be included the clothes moth and 
his friends, the various species of carpet beetle, bed bugs, 
the roaches and ants. 

The average individual is accustomed to consider wool 
infestions as attributed to one entomological member, the 
clothesmoth. Actually, seven different types of insects act 
as fabric villains. These are: 

Common Name Entomological Name 
Webbing Clothes Moth....Tineola Biselliella 
Casemaking Clothes Moth..Tinea Pellionella 
Tapestry Moth ...........Trichophaga Tapetzella 
Common Carpet Beetle....Anthrenus Scraphularice L. 


*Presented before R. I. Section, February 28, 1941. 
**Director Textile Research, Onyx Oil & Chemical Co. 
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Furniture Carpet Beetle....Anthrenus Varax Waterh. 
Varied Carpet Beetle ..Anthrenus Verhasci L, 
Black Carpet Beetle.......4 Attagenus Piceus Oliv. 


It may be interesting, though of no great comfort, to 
learn that all of these pests can trace their lineages back to 
prehistoric times. 

The clothes moth was one of our earliest settlers and 
accompanied the Pilgrim Fathers to our shores to become 
one of our first families. From records of the damages 
which these pests wrought to British uniforms in a New 
York supply depot during the Revolutionary War, it 
would appear that clothes moth larvae acted as a valuable 
aid to the colonist in their successful rebellion against the 
mother country, and all female clothes moths should be 
eligible to membership to the “Daughters of the American 
Revolution.” 

It would appear that the carpet beetle or buffalo moth 
or bug, as he is sometimes inaccurately called, is a com- 
paratively recent emigrant and did not reach our shores 
before the middle of the 19th century. 

Although belonging to a totally different species of in- 
sect, the feeding habits of both the clothes moth and 
carpet beetle grubs are much alike. 

3oth depend on the shelter of man’s home for their 
existence and both violate the precepts of conventional 
hospitality by eating the loveliest woolen coats of their 
hosts, in ruining the master’s dinner jackets, in destroying 
the costliest furs and ostrich plumes and in damaging 
mohair upholsteries and carpets. 

The pests are rather fastidious in their feeding habits. 
However, if unmolested, under favorable temperature and 
humidity conditions, both eat almost 
from birth to that time in which they enter the cocoon. 
The carpet beetle caterpillar does lose a little time in this 
feasting ceremony to molt and shed his skin. This 
ordinarily occurs some six to ten times during his period 
of growth. 


will incessantly 


Wool and mohair are usually the most cherished articles 
of food on the menu of both pests, though feathers and 
furs are not eschewed, and horse hair and most any animal 
fiber is entirely acceptable. Even leather is not rejected. 

The clothes moth larvae has but little desire for linen, 
cotton, rayon and, most articles on the subject state, silk. 
The writer has on several occasions encountered silken 
garments and rayons that had been very severely damaged 
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by these grubs. Most of the damaged products were 
received from Brazil and tropical countries. All of the 
deteriorated merchandise had been heavily sized with 
gelatin. 

I might add that neither the larvae of the clothes moth 
or carpet beetle can digest cellulose or carbohydrates. 
Their digestive system is equipped to nourish the grub 
with protein and fat or even protein alone. In cases where 
paper and vegetable or cellulosic fabrics have been dam- 
aged, the damage is due to the effort of the organism to 
maintain itself on some protein sizing ingredient that 
envelopes the fiber. The larvae eats the coating in a 
manner not unlike that by which a goat eats the paper 
and glue off tin cans. 

The “silver fish” which has ravaged many rayon mills, 
also cannot exist without protein. It is the gelatin size 
on the rayon that nourishes this pest. The writer has 
never encountered an incident of silver fish infestion that 
had not been associated with a protein size. 

The larvae of the carpet beetle is less discriminatory 
in its choice of food stuffs. It eats all animal fibers and 
products with avidity and this includes silk and such 
prepared articles as glue, casein and albumin. 

However, the grub of the carpet beetle has a decided 
preference for the type of material on which it has been 
feeding. It is not always a simple task to induce larvae 
that has been feeding on mohair to substitute casein or 
chicken feathers. After a taste for the substitute has 
been acquired, it will be eaten greedily. 

The annual damage to textiles and animal fibers trace- 
able to larval infestion is very difficult to estimate. Scarcely 
a fur, feather or woolen mill in the country is entirely 
free from pests. Incipient damage to fabrics and fibers 
often escape detection and failures of materials to give 
satisfactory service in use is frequently attributed to other 
causes. The losses due to the clothes moth and carpet 
beetle has been variously estimated at as low a figure as 
$200,000,000 and as high as half a billion dollars annually. 


LIFE HABITS OF THE CLOTHES MOTH 


All clothes moths, both male and female, pass through 
four stages in their life history; the egg, larva, pupa and 
moth. 

The embryo is contained in a tiny egg that resembles a 
lilliputian hen’s egg under a pocket magnifying glass. The 
surface of the egg is not smooth, but is covered with 
minute serrations or scales which adhere to fibrous mate- 
rials, 

The egg hatches to yield a tiny thread-like grub, so 
small that its length will not stretch across the head of a 
pin. This larvae is semi-transparent and if undisturbed 
eats voraciously under favorable temperatures and humid- 
ity conditions. In a period of from six to ten weeks it 
may reach maturity. 

However, the life of the average clothes moth larvae 
is not one perpetual feasting ritual. The grub is sensitive 
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to light and climatic conditions, and is unusually sensitive 
to shaking and violet agitation. It has been stated that 
even a violet thunderstorm or slight earthquake will give 
it nervous indigestion. 

As a consequence, the growth of the larva is usually 
arrested and it may remain dormant for weeks at a time, 
due to some adverse climatic or humidity condition, or 
be disturbed by efforts on the part of the housewife to 
effect its eradication. 

We have found the optimal temperature for growth of 
the grub at about 80° F. Deviations from this may 
affect adversely its rate of growth and the grub enters a 
semi-dormant state at about 60° F. 

The importance of moisture in the development of the 
clothes moth larvae has never been recorded. Water is 
a prerequisite for all types of animal life. The digestion 
of food stuffs is accomplished with the aid of aqueous 
fluids contained in the body. The food of the clothes 
moth grub supplies it with its only source of moisture, 
and a water content of some ten per cent to the weight 
of nutrient is required to maintain vigorous growth. 
When that amount of moisture is not present, the grub 
enters into a dormant state, awakening only upon the 
event of more humid weather. 

The hygroscopicity of wool accounts for the preference 
of larvae for it as an article of nourishment. Wool is 
the most hygroscopic of all textile fibers and during the 
major portions of the spring, summer and fall, contains 
sufficient water to maintain the grub in vigorous activity 
in most parts of the country. 

Moth damage, however, on the Pacific Coast is almost 
unknown during the summer season. The air is arid in 
this region during July and August, and materials sus- 
ceptible to “moth damage” lack the requisite moisture to 
support larval developments. 

Most of our homes and apartments even during the 
winter are maintained at close to the optimal temperature 
for the development of the moth grub, and the failure of 
apparel and upholsteries to be damaged during this period 
can be traced solely to the aridity of the atmosphere in 
our rooms. 

The development of air conditioning and home humidifi- 
cation methods will probably greatly accelerate larval 
development. Few housewives exercise any precautions 
against these pests during the winter season, and unless 
radical changes in home practices are adopted, much moth 
damage during the winter can be expected in air con- 
ditioned homes. 

From what has been forestated, it is apparent that the 
length of time that the clothes moth organism remains in 
the larval state is surprisingly variable, lasting from six 
weeks to many months, and in rare cases, even years. 

Having attained its growth, the worm spins a cocoon 
about its body and enters into a profound sleep during 
which it is metamorphosed into the adult moth. 

When this stage, which is usually accomplished in less 
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than two weeks, is completed, the generated moth secretes 
a slimy, muscoid fluid against a less dense portion of 
the cocoon. This liquid lubricates the cocoon fibers and 
this enables the moth to wiggle its way out from its place 
of imprisonment. Thoroughly exhausted from its success- 
ful emergence from the cocoon, the moth spreads its 
wings to dry and regain the strength necessary to accom- 
plish the last stage in its life’s history. 

This brief span covers a period of from but two, to at 
most, 30 days. During this period, the moths must mate 
and lay their eggs. The female, overburdened with 
from 100 to 150 unfertilized eggs cannot fly, so crawls 
‘to some darkened corner usually in close proximity to 
some suitable egg repository. The male has powers of 
flight and seeks out the female of his choice, and having 
fulfilled his life’s mission, flutters away to die. 


His mate survives him by a few days. She lays her 
eggs, a few at a time, over the most nourishing pasture 
she can find; usually our finest wools, furs, and carpets. 
Lacking these she may choose hair or even the woolen lint 
in the cozy cracks of a floor or closet, before fluttering 
away to join her mate in death. 

Neither the male or female long survive the reproductive 
processes. 

Contrary to popular belief, these eggs do not remain 
dormant over a long period of time even at low tempera- 
tures. The eggs must hatch and bring forth new worms 
in the course of a few weeks or the embryo dies. 

The various members of the carpet beetle family, al- 
though belonging to a different entomological species than 
the clothes moth, have similar life habits. They are, 
however, capable of a more versatile existence. They 
are much hardier, less sensitive to climatic changes, much 
less fastidious in their choice of foodstuffs, and less sus- 
ceptible to external agitation. A much longer time interval 
is required for them to acquire their mature stature of 
from one-quarter to three-sixteenths of an inch in length. 
Under favorable conditions it is possible to complete the 
life history of a clothes moth in from 60 to 80 days. 
The span of existence of a carpet beetle usually lasts about 
one year, though it is possible to rear two generations 
annually. 

The grub of the carpet beetle like the clothes moth 
larva shuns light and eats almost incessantly. He does, 
however, take time out from six to ten times in his de- 
velopment to acquire new apparel. During these periods 
of molt, the larvae loses all desire for food. 

The winged adults of the carpet beetle family, both 
male and female, have powers of flight and a fully de- 
veloped mouth and digestive tract. They are attracted 
to light, and may be seen crawling about on window sills 
or feeding on the pollen of flowers in our garden. They 
resemble bed bugs and are frequently confused with them. 
Like the female of the clothes moth, the mother carpet 
beetle places her eggs in close proximity to a luxurious 
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food pasture, generally about the edges of carpets 
beneath base boards. 


METABOLISM 


The modus operandi of the digestion of wool by the 
larvae of the clothes moth and carpet beetle has never 
been recorded, to the best of our information. 

Such information is useful in a study of mothproofing, 
and it is by the application of the results of this study 
that we have been able to devise a rapid method for 
testing the efficiency of mothproofing preparations and 
establishing the origin of defects originating from grubs. 

Most of the nutrients ingested by the higher mammalia 
are reduced in their digestive tracts into easily assimilable 
products; the sugars and carbohydrates into glucose, pro- 


teins into amino acids and bases, and fats into soaps. 
These diffuse into the blood stream through the intestinal 
wall, and are conveyed to the various cells and tissues and 
utilized for life processes and as sources of energy. 


The 
waste products of metabolism are excreted as carbon 
dioxide by the lungs, and as urea, allantoin, creatine, 
creatinine, ammonia, uric acid and a miscellany of minor 
excretory products by the urine. The digestive system 
of most mammalia is an efficient and highly organized 
arrangement, and but little digestible material escapes 
utilization in its passage through the animal body. 

A like efficiency does not exist in the body of either 
the clothes moth or carpet beetle grub. Although potent 
proteolytic enzymes and lipases can be readily demon- 
strated in the intestinal tract, much of the protein and 
fat ingested escapes utilization in its passage through the 
intestinal tract and escapes unabsorbed into the excreta. 

The magnitude of this lack of metabolic efficiency as 
well as other matters incidental to clothes moth larval 
growth is shown in the following tables, which epitomize 
our feeding experiments conducted with clothes moths on 
washed wool under optimal temperature (80° F.) and 
humidity conditions (R. H. 80 per cent): 
TABLE 1 

Distribution eaten 
Clothes moth 
Pellionella) 
Subjects: 10 
Washed 
734 mgs. 
389 mgs. 
64.7 mgs. 
256.0 mgs. 


TABLE 2 
Analysis of Clothes Moth (Tinea Pellionella) Excrement 


Object: 
Subjects 


wool 
used : larvae (Tinea 
Number otf 
Nutrient : 
Loss ot wt. of wool: 

Wt. of detached wool uneaten 
Wt. of larvae excrement: 

Wt. of larvae at maturity : 


Woolen Fabric 


Moisture: - 7.35 
Ash Content: 9.67 
Insoluble matter (undigested wool) : 25.00 
Soluble matter : 75.00 
Total nitrogen: 19.74 
Uric acid content: 28.46 
Urea Content : Trace 
Ammonia Content: 2.04 
Creatinine : None 
Creatine : Trace 
Allantoin : None 
Partially digested wool: 52.48 
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TABLE 3 
Analysis of Carpet Beetle Larva (Anthrenus Seraphularic L.) 

Excrement 
Moisture content: 767 
Ash content: 776 
Insoluble matter (undigested wool) : 42.50 
Soluble matter: 57.50 
Total nitrogen: 16.10 
Uric acid content : 25,10 
Urea content: ee 
Ammonia content: 0.34 
Creatine content: Soum 
Creatinine content: Trace 
Allantoin content: Wie 
Amino Acids (partially digested wool): 59.13 





A perusal of the above tables appear to indicate that a 
considerable portion of the wool digested by the grub 
is not absorbed through its intestinal walls, but is voided 
unchanged or in a partially digested condition. This is 
of scientific interest only. The abnormally high uric acid 
eowent of the excrement, however, is of salient interest. 
It is the predominating, almost sole, waste product of 
protein metabolism in the bodies of both the clothes moth 
and carpet beetle. 

From data compiled from dozens of tests on the excre- 
ment of both the clothes moth and carpet beetle larvae it 
would appear that for every milligram of food absorbed 
into the body, .2 mgs. of uric acid are voided with the 
excreta. That value is a constant regardless of whether 
the food ingested is wool, mohair, feathers, or silk. 

As the tables show, however, the intestinal absorptive 
systems of both insects is quite inefficient. Over 50 per 
cent of the food injected is excreted unchanged or in a 
partially digested condition. (53 per cent clothes moth 
grubs; 58 per cent carpet beetle larvae.) Hence every 
milligram of uric acid in the excrement represents 10 mgs. 
of protein injected. 

A clothes’ moth grub may, under favorable circum- 
stances, eat as much as 1.0 mg. of protein daily and void 
irom it .1 mgs. of uric acid. The carpet beetle caterpillar 
rarey consumes more than half this amount, yet the uric 
acid excreted daily can be easily estimated. From this it 
might appear that a single day's incubation might suffice to 
estimate proofness. The test isn’t as simple as this. 

No quantitative method of determining the comparative 
proofness of fabrics has been heretofore developed. 

Most of the older methods employed in testing the effec- 
tiveness of a ‘“‘mothproofing” preparation or the efficiency 
of a proofed fabric involved the inoculation of the mate- 
rial under test with a specified number of clothes moths 
or carpet beetle grubs and in allowing the larvae to feed 
upon the treated fabrics or fibers for a specified number 
of days (usually between 7 and 30) and in estimating 
the “proofing” efficiency by visual inspection. 

The results secured were frequently inconclusive, non- 
reproductable and inaccurate, and required much experi- 


ence with the moth grub and its feeding habits to interpret 
accurately, 
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Much of the failure of the earlier experimentors to 
more correctly estimate the merit of a preparation was 
due to their failures to maintain the test materials under 
conditions requisite for optimal larval growth. 


Both the clothes moth and carpet beetle grubs develop 
most rapidly at temperatures of approximately 80° F. 
Any marked deviation from this temperature results in 
either of greatly restricted growth or even in causing the 
worms to prematurely pupate or enter into a state of 
dormancy. Formerly, many experimentors failed to 
incubate their test materials and depended solely upon 
normal atmospheric temperatures. The necessity of proper 
temperature conditions is more generally appreciated today 
and this factor is becoming of lesser importance. 

The influence of humidity on the growth of clothes- 
moth larvae is, even today, quite generally ignored. These 
grubs require at least 10 per cent moisture in its food to 
develop normally and from 13 to 15 per cent water to show 
optimal growth. An atmospheric relative humidity of at 
least 50 per cent is required to meet these conditions. A 
failure to secure this requisite moisture vitiates moth- 
proofing tests. The importance of humidity in the de- 
velopment of the carpet beetle grub is of lesser importance. 

The choice of the test insects is also important for satis- 
factory results. Although clothes moth grubs are rather 
commonly used, the insects frequently yield unsatisfactory 
results. The insect is not hardy and very sensitive to 
slight changes in food and environment. It frequently 
exhibits its displeasure at a change of diet by resting in 
a temporary cocoon, prematurally pupating or assuming 
dormancy even when palced under more optimal conditions 
than those to which it had been accustomed. 

The carpet beetle is much hardier, less susceptible to 
vicissitudes in climate and food, and in consequence much 
easier to use as an experimental insect. 


Whether the experimental grub is that of the clothes 
moth or carpet beetle species, it is desirable that prime 
specimens approaching maturity be selected. Very young 
larvae are very sensitive to most repellents and are 
frequently rendered dormant by proofing concentrations 
that would be entirely innocuous to more mature worms. 

It is our experience that the subjects for mothproofing 
tests should weigh at least 5 mgs. 

The evolution of the older plate feeding tests to the 
conventional one in use today involves merely the mainte- 
nance of the infested wool or mohair at more nearly 
optimal temperature and humidity conditions and_ the 
selection of reasonably mature worms of approximately 
the same age. 

Both the clothes moth and carpet beetle worms are 
aerobic and do not develop normally in a stale and 
contaminated atmosphere a condition existing in most of 
the present test methods. 

The correction of this adverse condition has been 
partially overcome by D. P. Jones. The correction consists 
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in maintaining the larvae and wool in porous receptacles. 

It is frequently difficult to estimate moth damage on 
heavy and thick fabrics and not before considerable wool 
deterioration has resulted is visual damage discernible. 
Aware of this a few experimental laboratories collect the 
excreta, including cut and loose fibers and filaments, and 
estimate the damage by the quantity of excrement. The 
comparative proofness is computed by the relative weights 
or volues of the impure excreta. 

Jackson and Wassel, however, instead of employing 
the standard plate test just described, insert moth infested 
material containing moths, their eggs and larvae in a 
and untreated wool, cotton 
assume that this more nearly 
approximates conditions existing under household condi- 
tions. The cabinet is then closed and allowed to remain 
untouched for a period of months. They estimate the 
resistance of a treated fabric to larval damage by its 
relative immunity to grub attack in the cabinet. The 
writer does not consider this test method of much prac- 
tical value, or to be even a positive indication of resistance 
to “moth” infestions. 


cabinet containing treated 


and rayon materials. They 


Neither of the tests outlined above are quantitative. 
Both are qualitative indications only and both depend 
upon the skill and experience of the experimentor to 
accurately estimate comparative damage. 

It was stated earlier in this paper that, under optimal 
feeding conditions, either the clothes moth or carpet 
beetle larvae will consume about a milligram of protein 
daily and utilize it for its growth and development. As 
a consequence of metabolism, about .1 mg. of uric acid 
is excreted from the food injected. The ratio of the 
food consumed to uric acid voided is about a constant of 
10:1 regardless of the type of food employed as the 
nutrient. 

This metabolic waste product is the basis by which we 
have been able to trace the proofing characteristics of 
various chemical compounds and of positively identifying 
so-called moth damaged fabrics. 

Uric acid is a minor, though important, nitrogenous 
waste product of animal metabolism. It occurs in minute 
quantities in the blood of all mammalia including man, and 
is present in small amounts in their urine. 

The ratio of the uric acid to the total non-protein 
nitrogen of the blood and urine is of particular clinical 
significance in diagnosing certain diseases and_ bodily 
disorcers, and extremely accurate quantitative methods 
for determining this compound have been developed, even 
when present in fluids containing as little as .001 mg. 
per 10 cc. of solution. 

As a clothes moth or carpet beetle grub usually voids 
about .1 mg. of uric acid daily, it is apparent that the 
clinical quantitative tests for uric acid are sufficiently 
delicate to estimate this daily output. 

The most accurate and important uric acid test is that 


developed by Folin. The test depends on the fact that 
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uric acid reacts with arseno-phosphotungstic acid or 
phosphotungstic acid, particularly in the presence of urea- 
cyanide, to yield a blue color. The intensity of the color 
formed is proportional to the amount of uric acid in the 
solutions tested. The blue color obtained is compared 
with that of a standard uric acid solution treated the 
same way. 

The reaction is not specific uric acid only. There are 
a number of other compounds which will give the same 
color. Fortunately, however, none of these color precursors 
are normally present in undeteriorated wool, or its prod- 
ucts of hydrolysis produced by enzymic or acidic hy- 
drolysis. The natural or artificially added and 
lubricants, dyestuffs, intermediates and textile auxiliaries, 
as well as the usual sizes and finishes, likewise do not 
vitiate the uric acid color reaction. 

When wool is deteriorated with alkalies, some of the 
products of hydrolysis yield with arseno-phosphotungstic 
acid a color similar to or identical with that produced 
between that reagent and uric acid. 

It is a simple matter to isolate and separate the uric 
acid from all possible wool hydrolytic contaminants. Uric 
acid can be precipitated from solution directly as silver 
urate. The resultant precipitate, washed and freed from 
many contaminants, can regenerate the uric acid by means 
of acid-chloride solutions. The wool alkaline contaminants 
can thus be separated from the uric acid, and the latter 
then determined quantitatively with the arseno-phospho- 
tungstic reagent. 


oils 


DETAILS OF TEST 


There is, of course, no single chemical test, or multiplic- 
ity of tests, that will determine whether a fabric is moth- 
proofed or not. It is necessary to make the tests by 
properly conducted feeding experiments. It must be 
borne in mind that mothproofed materials ordinarily do 
not “proof” by virtue of the fact that the grubs are actually 
poisoned by the proofing agent. 
but ordinarily 
well as larvae, 
disorders on the skin of man. 

The trend of “mothproofing agents” has been the em- 
ployment of chemicals which are relatively non-toxic to 


Such agents are known, 


such chemicals are toxic to humans as 


and most tend to produce dermatological 


human beings, but so repulsive to clothes moths and 
carpet beetle larvae, that having tasted materials contain- 
ing them, the grubs will cease eating, and if no other 
article of food is available, will starve to death rather than 
partake of the “proofed” fabrics. 
of such repellants exist. 

The testing of the comparative mothproofness of a 
fabric and of proofing agents, according to our studies, 
involves merely exposing treated and untreated materials to 
either clothes moth or carpet beetle larvae under optimal 
conditions for grub development, and after a five day ex- 
posure estimating the total amount of uric acid voided. 
It is essential to fast the grubs for 48 hours under 


A considerable number 


AMERICAN DYESTUFF REPORTER 











nice BY 








oD 


; to 
nal 
ex- 
led. 


der 













CS aaa 


nes AEM 

















; 
; 














Proceedings of the American Association of Textile Chemists and Colorists 








the same temperature and humidity conditions as those 
ysed fgr the test. Complete evacuation of the food con- 
tents of the intestinal tract normally require about 72 
hours. However, a fast of that duration frequently drives 
the larvae into a state of semi-dormancy, and several days 
might elapse before the worms will begin their feasting 
ritual even when exposed again to proper nutrients. A 
48 hour fast is adequate to sharpen the appetites of the 
worms, and sufficiently long to remove about 90 per cent 
of the fecial matter from its system. 

We have found that the employment of about twelve 
erubs per square inch of test material is desirable for all 
-amples. 

The test materials, one treated with the mothproofing 
material under consideration and a blank, are ordinarily 
allowed to age for at least 24 hours at temperature and 
and. 80 per cent R. H. 
respectively. The materials are then inoculated with the 
hungry larvae and the infested fabric with their larval 


hymidity conditions of 80° F. 


visitors confined in petri dishes or some type of porous 
receptacle, the apertures of which are too minute to 
permit egress of the worms. The samples are then placed 
: and relative humidity of 80 
This relative humidity can be secured by the 


in an incubator at 80° F. 
per cent. 
employment of certain saturated salt solutions in open 
pans in the incubator. 

After ageing for five days (a shorter period can be 
used) the test materials are removed from the incubator 
and the uric acid content on the cloth and in the excre- 
ment determined. 

The results secured are almost self-explanatory. It was 
previously stated that for every milligram of food injected 
about .1 mg. of uric acid is voided. 

This is not to be interpreted that a complete absence 
of uric acid will exist in a receptacle containing even a 
completely mothproofed fabric. 

A modicum of the acid is developed as a consequence 
of life processes, and a portion of this is excreted as 
waste even under conditions of prolonged starvation. 

Again during the first 24 hour interval of feeding, the 
larvae on both and treated fabrics taste 
Those on the untreated 


untreated 
of the food at their disposals. 


the 


material find it to their liking and feast continuously 
during the interval of the test. Those on the properly 
proofed fabric find the food obnoxious and cease their 
consumption of the material.. Of course a certain excre- 
ment always occurs from the food tasted during the first 
24 hours by those larvae in contact with even the most 
efficiently proofed material. Traces of residues in the 
intestinal tracts from some previous feeding pasture are 
often also voided during this period. 

As ordinarily conducted, few commercial mothproofing 
operations are complete. The fabrics always are sus- 
ceptible to traces of damage. As a consequence, a slight 
larval attack occurs. If the amount of damage is less 


than 20 per cent of that on the blank, it has been our 
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experience, that for practical value, the fabric may be 
termed mothproofed. Below I am including the results 
of four commercial tests. One sample has been character- 
ized as a thorough proofing job, the second was untreated, 
whereas the third and fourth possessed varying degrees 
of proofing efficiency. 





TABLE 4 
Subject: Carpet Beetle Grubs (12 per test) 
Material: Mohair upholsterings 


Sample Sample Sample Sample 
No. 1 No. 2 No. 3 No. 4 
Proofing condition Excellent None Partial Fair 
Uric acid excreted during 
5 days of test 5.4 mgs. 42 mgs. 21.9 mgs. 9.7 mgs. 


i 


It is apparent from the table that a direct relation exists 
between the amount of uric acid excreted by the larvae 
of the carpet beetle and the condition of proofness of the 
fabrics under test. Sample No. 1 was thoroughly moth- 
proofed, yet the grubs in contact with the mohair did 


elaborate and void a certain amount of uric acid. That 
is understandable. All forms of life even under conditions 
of starvation do exercise some metabolic activity. How- 


ever, the amount elaborated and voided is always small. 
Samples No. 3 or No. 4, which were partially mothproofed, 
showed much greater amounts of uric acid in the fecial 
matter during the same time interval, though much less 
than that voided by the blank. 


DETERMINATION OF URIC ACID 


The detection and quantitative estimation of the uric 
acid on the wool or fabric under test, and in the ‘hard 
excreta, presents no particular difficulty. It is only 
necessary to solubilize the acid, free the solution from the 
wool by filtration tnd estimate the uric acid by a modi- 
fication of Folin’s blood or urine method. 

Uric acid is not particularly soluble in either hot or 
cold water; however, it is adsorbed by wool ‘under acidic 
conditions. We have found that solution is most readily 
affected by removing the carpet beetle grubs and any 
possible worm sheddings that might have developed during 
the feeding experiment. 

The free from all adhering 
excretory products and the excreta removed is extracted 
with 100 cc. of boiling distilled water for a period of 1 
hour, care being exercised to maintain the solution at a 
definite volume. Ordinarily from 90 to 95 per cent of the 
uric acid voided is contained in the loose excrement and 
brushings. A small residue still adheres to the fabric. 
The fabric is submerged in from 50 to 100 cc. of a 1/50 
per cent 


fabric is next brushed 


lithium carbonate solution and heated 
from 60 to 70° C. This extract is combined 
with the boiling extract from the excreta and brushed 
The 


filtrate is diluted to a volume of 250 cc. and this solution, 


for one 
hour at 


fibers and filtered through quantitative filter paper. 


containing all of the uric acid voided and a certain amount 
of dyestuff, constitutes the solution for test. 
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Procedure for Uric Acid Test 

Transfer 10 cc. of the filtrate to a centrifuge tube. 
Add 2 cc. of an acid silver solution (1). Centrifuge at 
once. All of the uric acid down to the last trace will 
be present in the precipitate. The clear supernatant 
solution should be decanted as completely as possible. 
Then add 1 cc. of a 10 per cent solution of sodium chloride 
in 0.1 N hydrochloric acid. Stir thoroughly with a fine 
glass rod and add 9 cc. of water and stir again. Centrifuge 
and pour the supernatant solution which now contains all 
of the uric acid into a test tube graduated at 25 cc. 

Into a second test tube, likewise graduated at 25 cc., add 
10 cc. of a standard uric acid solution (2) (this check 
solution contains 0.4 mg. of uric acid). 

To each test tube add 10 cc. of a urea-cyanide solution 
(3) and mix thoroughly by whirling. By means of a 5 
cc. pipette add 5 cc. of uric acid reagent to each test tube, 
mix well and note the time. Let the solutions stand for 
20 min., dilute to volume (25 cc.) and make color com- 
parisons on a Duboscq Colorimeter. 

The color comparison estimates the amount of uric acid 
present in 10 cc. of the filtrate. As this constitutes but 
1/25 of the extractives from the sample, the total uric 
acid present in the sample can be obtained by multiplying 
the values secured with the Duboscq by 25. 

By multiplying the total uric acid value by 10, a value 
is obtained that estimates the amount of protein (wool, 
hair, mohair, etc.) consumed. 

To those of you who are not familiar with the operation 
of colorimeters it is recommended that the chapter on 
Colorimetry in Hawke and Bergeim’s textbook of Prac- 
tical Physiological Chemistry be perused. 

The uric acid method of estimating moth larvae damage 
has proved of unestimable value in estimating the com- 
parative proofness of moth proofing agents. It is of equal 
value in definitely affixing fabrics deteriorated by larvae 
to the grub and not to some other physical or chemical 
imperfection. It is only necessary to identify the presence 
of uric acid about the faulty portion of the fabric to 
establish the defect as originating from some life process, 
as uric acid originates only from life metabolic processes. 
Some striking and even amusing verifications of moth 
damage have been made by this identification of uric acid. 

Many of the citizens of an Ohio town still remember 
the old patriarchal veteran of the Spanish-American War 
who led every Memorial Day parade proudly waving an 
old tattered silken flag mutilated, so it was averred, with 
the shells of battle. No regiment in the entire Spanish- 
American War had a greater reputation for bravery and 
heroic deeds than the company of which the aged veteran 
had been flag bearer, but at each parade, the veterans 
became less numerous until finally but one remained, the 
aged flag bearer. 

It was seldom that he would talk of his military exploits, 
but on rare occasions he would relate his experiences. 
Wild, hair-raising tales they were, that would both amaze 


P326 





and thrill his auditors; but finally the grim reaper struck, 
so it was thought, the last survivor of the company, and 
the ancient flag bearer mounted the starry stairway to 
eternal life, the earth and all its cares forgotten. 

The editor of a metropolitan newspaper and native of 
the Ohio village in which the flag bearer had lived, had 
long contemplated compiling certain of the more interest- 
ing incidents of the old veteran’s military history. The 
veteran’s death came to the editor as something of q 
shock, and galvanized into action his latent desire to 
publish some of the flag bearer’s military feats. 

He journeyed to the town of his birth to gather details 
of the veteran’s life. He learned, that contrary to popular 
belief, the old flag bearer was not the last surviving 
member of the regiment, but that the honor belonged to a 
retired clergyman living some distance away. 

The editor contacted the ex-pastor and learned that the 
furious fighting regiment had not seen actual combat 
service, but had been detained at Manila for supply duties, 
The silken flag acquired its mutilations, so it was claimed, 
by a ravage of moths. 

The editor, reluctant to accept the retired clergyman’s 
account of the military history of the war veterans from 
his native town, sent several flag fragments to us to check 
for past moth damage. We were able to identify traces 


of uric acid about each hole. 


The memoirs of the veteran flag bearer were not pub- 
lished. 


(The following are taken from Practical Physiological 


Chemistry—Hawk and Bergeim, 11th Ed.) : 
(1) Acid-silver Solution: (Page 430) 

“To 5 cc. of 85 per cent lactic acid add 100 cc. water 
and 5 gms. sodium bicarbonate and boil. Dissolve 25 
gms. silver nitrate in about 700 cc. water, add the partly 
neutralized lactic acid solution and dilute to one liter. 
After a few days’ exposure to sunlight and filtering, this 
reagent keeps fairly well. When used only occasionally, 
however, it should be filtered before using.” 

(2) Urea-Cyanide Solution (Poisonous): (Page 429) § 

“Transfer 75 gms. C.P. sodium cyanide to a 2 liter | 
beaker, add 700 cc. of water and stir until the cyanide is 
completely dissolved. Add 300 gms. of urea and stir until & 
the cyanide is completely dissolved. Add 4 to 5 gms. of & 
calcium oxide and stir for about 10 min. Filter at once. & 
Add to filtrate about 2 gms. of lithium oxalate, shake 
occasionally for 10 to 15 min. and filter.” 

(3) Standard Uric Acid Solution: (Page 428) 

“The solution made as follows will keep for at least 5 
years. Weigh out on a watch-glass exactly 1 gm. of uric 
acid, and transfer it to a liter volumetric flask by means 
of a not too small, dry funnel. Tap the funnel, so as to 
transfer nearly the whole of the uric acid to the flask. 
Transfer 0.6 gm. of lithium carbonate to-a 250 cc 
Florence flask, add 150 cc. of water; shake about 5 min. 
until dissolved. Some insoluble material remains and tt 


(Concluded on page P336) 
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HEMICAL historians in the years to come will 
probably list among the most important discov- 
eries of the decade 1930-194) the invention and 
development of synthetic fibers, fibers which were com- 
pletely synthesized from simple, basic chemicals. Before 
this chemical era, we had, of course, the development of 
artificial fabrics made of regenerated cellulose, celanese, 
mercerized cotton, etc., and although these fibers are to 
be included in the class of synthetic fibers, which are de- 
fined according to Stillwell’? as “any solid in which a 
preferred orientation of the structural units has been in- 
duced by mechanical means,” nevertheless, they were con- 
structed from raw materials already possessing a fibrous 
structure such as wood pulp or cotton. 

In all fairness it should be stated that we owe our present 
information concerning synthetic fibers almost entirely to 
the fundamental research done in industrial laboratories ; 
the knowledge of industrial chemists in this field is far in 
advance of that of academic chemists. 

Tonight I am going to review the information in the 
literature on the structure and properties of many of the 
commercially available synthetic fibers. 

First of all I wish to describe the elementary principles 
of fiber analysis by the x-ray method inasmuch as our 
understanding and knowledge of fiber structure and fiber 
properties have been greatly augmented by the application 
of the x-ray technique. X-rays are light rays; that 1s, 
electro-magnetic vibrations which are propagated through 
space in the form of waves. The distance between crests 
of maximum intensity of vicration or tne distance travelled 
during one vibration is called the wave length, A, and the 
number of vibrations per second, v. if the latter is multi- 
plied by the wave length, the product is equal to the 
velocity of light or 2.998 x 10 em. per second; i.e. 

OR da (1) 
The energy transmitted by the propagation is proportional 
to the frequency of vibration 
energy of one photon = h.v (2) 
where h, the proportionality constant, 1s Planck’s constant. 
Now, as the energy required to produce x-rays by electron 
bombardment of metals is comparatively great, equal to 
50,000 electron volts or so, the frequency of vibration will 
be large and the wave length small. Indeed, experiments 
have shown that the wave length of x-rays is the same 
order of magnitude as the distance between layers of 
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atoms in crystals. For this reason crystals and fibers 
will diffract x-rays producing reflected or diffracted 
beams which give rise to spots or lines on a photographic 
plate at locations different from that of the main un- 
diffracted incident beam. By studying the positions and 
relative intensities of these spots or lines much valuable 
information concerning crystal structure can be obtained. 

The mechanism of the reflection of and diffraction of 
an x-ray beam is demonstrated in Figs. 1 and 2. In Fig. 
1, W,, W2, W, represent the wave fronts of x-rays of wave 





Fig. 1 


length 4, which are advancing toward the surface of a 
crystal denoted by the line AB. The black dots are the 
atoms in the first layer. Each atom excited by the x-rays 
serves as the source of secondary radiation which emerges 
from the surface layer at an angle 9’ equal to the angle 
of incidence 8. The wave fronts w,’, w.’, w,’ illustrate the 
waves of the reflected radiation. Most of the incident 
light passes through the layer undeflected, wave fronts 
W,, W;, We, etc. In acrystal, or fiber, there will be another 
layer of atoms below AB which also reflects the x-rays, 
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and below this layer still another and so on, A,, As, Ay, Ay in 


Fig. 2. Now all the reflected beams will combine with one 


A Fig. 2 


another additively if they are in phase or they will de- 
structively interfere with one another if they are exactly 
out of phase, completely annulling the reflected radiation. 
Whether they are in phase or not in phase depends upon 
the wave length A, the angle of incidence 9 and the dis- 
tance between atomic layers d, as proved in the next 


paragraph. Because of the dependence of the reflection 
on the angle 9, there will be certain orientations of the 
crystal with respect to the incident x-ray which produce 
reflections, and in all other positions there will be no 
reflections; in this way arises the x-ray pattern. The 
phenomenon of constructive or destructive interference 
can be illustrated by twelve men and a boat. If all twelve 
men lift on the boat at the same moment, if their efforts 
are in phase, the boat will rise, but if half of them are 
lifting and the other half pushing down with an equal 
force, their efforts exactly out of phase, the boat will not 
move. 

In Fig. 2 we have illustrated an x-ray beam advancing 
toward the crystal along A, impinging on the crystal at 0 
and being reflected by the first atomic layer toward B. 
Another part of the incident beam C, strikes the second 
atomic layer at D and is reflected along DOB emerging 
from the crystal at the same point from which the beam 
AOB emerges. For a reflection along OB to exist it is 
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necessary and sufficient that the two beams, AO and CDO 
are in phase at point O; in other words, the crests of the 
waves of the two beams must coincide at O. This coin- 
cidence can be realized if the excess distance travelled by 
the beam CDO is equal to the wave length of the beam 
or to an integral number of wave lengths, nA. Now the 
excess distance travelled by CDO is just the distance FE 
in Fig. 2, call it x. The distance travelled from A to 0 
is equal to CE, but since DO equals DF, the actual path 
CDO, which is equal to CDF, exceeds AO or CE by just 
the amount FE or x. 

The sine of an angle of a right triangle is equal to the 
length of the opposite side of the triangle divided by the 
length of the hypotenuse; considering the right triangle 
EOF, 

x 
sin 8’ — —— (3) 
FO 
But FO is equal to 2d, or twice the distance between 
atomic layers, and x must be equal to A or nA (where n 
takes on integral values) for a diffracted ray to exist, 
so Eq. (3) can be written 

nd = 2d sin 0’ (4) 
The angle 8’ can be shown to be equal to the angle of 
incidence by the following argument: angle F is equal to 
90° — 86, 

B — 90° — 0 (5) 
and the sum of all the angles in the right triangle EOF 
must total 180°; hence 

B+ 6 + 90° — 180°, 
or 90° — 6 + 60’ + 90° — 180° (6) 
or 6 = 0, OED. 
Thus we have finally proved the well-known Bragg law 
for the condition for a diffracted beam, 
nA = 2d sin 8 (7) 


Let us now suppose that the crystal is held in a vertical 
position so that one of the crystal axes is vertical to the 
direction of the incident beam of monochromatic x-rays, 
and that the crystal is slowly rotated about this vertical axis 
as illustrated in Fig. 3, taken from the book by Bragg’. 
For certain specific values of the angle 9, the condition 
for diffraction given by Eq. (7) will be satisfied and a 
diffracted ray will produce a spot on the photographic 
plate. At other values of the angle 9, destructive inter- 
ference will prevent any x-radiation from reaching the 
plate except at the position of the undeflected central 
beam. If reflecting atomic layers are perpendicular to the 
incident beam, the series of spots on the line marked 
1=O will be produced. This result can be visualized by 
holding Fig. 2 in a horizontal position sighting along the 
layer lines, A,, As, Ag, as the figure is rotated slowly about 
always keeping the figure horizontal. It will be noticed 
that the angle has two values satisfying (7) for both 
the front and back of the crystal. Thus, theoretically, 
four spots could be produced. Actually, two coincide 
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Fig. 3—X-ray diffraction pattern for a rotating crystal. 


with the other two, so that only two spots, one on each 
side of the central image, are produced for a complete 
rotation of the crystal. These two spots correspond to a 
certain distance d between atomic layers, but a limited 
number of other layer distances exist, and we get a num- 
ber of spots on each side of the central image. 

Other spots above and below the horizontal line are 
produced by reflections from atomic layer planes which 
are not parallel to the vertical axis of rotation. In this 
case all four spots appear; the orientations giving rise to 
the four reflections are illustrated schematically in Fig. 
4a, b, c, and d. The four spot pattern, symmetrically 
arranged about the central undeflected beam is charac- 
teristic of rotation photographs; furthermore, it can al- 
ways be seen in x-ray patterns of well developed fibers. 

This above explanation of rotation diagrams has been 
developed at some length, because it is only by studying 
and understanding these x-ray patterns that the x-ray 
pictures taken of stationary fibers can be understood. If 
a fiber is supported so that its long axis is held vertically, 
and monochromatic x-rays fall upon the fiber in a hori- 
zontal plane as in Fig. 3, the x-ray pattern obtained is 
similar to that in Fig. 3. It must be clearly emphasized 
that there is no rotation of the fiber during the exposure 
to the x-ray. A beautiful x-ray diagram of a synthetic 
fiber is illustrated in Fig. 5(b) (taken from the recent 
paper of Fuller, Frosch and Pape*) where all the char- 
acteristics of a rotation photograph of a crystal, such as 
the symmetrical arrangement of groups of four spots 
about the central image, and the location of the spots on 
curved, lines may be seen. The similarity of the fiber and 
rotation photographs is interpreted by assuming that in the 
fiber there are individual crystals held in the fiber at all 
possible angles of rotation about the long axis. If there 
is no alignment of the crystals or single molecules, not 
€éven to the extent of making the long axes parallel as 
illustrated in Fig. 6(a), the x-ray diagram becomes that 
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Fig. 4—Schematic diagram illustrating the pattern 

produced by the reflection of X-rays from one 

crystal plane during the rotation of the crystal 
through one complete revolution. 


of an amorphous substance, i.e., it consists solely of 
diffuse rings as illustrated in Fig. 5(a). 
that x-ray studies of synthetic compounds serve as a 
powerful tool to estimate the extent to which the sub- 


Thus we see 


stance has acquired a fiber structure. Quantitative in- 
formation can also be obtained, such as the distance be- 
tween repeating groups along the fiber axis, angle of 
inclination of the fiber axis to the vertical direction, etc. 
Fig. 6(b) illustrates the symmetrical and perfect orienta- 
tion of the atomic layers in a crystal while in Fig. 6(c) 
can be seen the characteristic fiber structure; that is, 
alignment of the atomic layers in the direction of the long 
axis, but with the long molecular chains occupying any 
position with respect to orientation about the long axis. 
It is interesting to compare the microscopic physical 
properties of fibers in relation to their x-ray structure. If 
the crystallites or micellae are piled together in a brush 
heap manner as illustrated in Fig. 6(a) the solid is brit- 
tle, has little pliability and a low tensile strength ; examples 
are films made of most resins or of unstretched cellophane 
or of gelatin which has been broken down by hydrolysis. 
If the crystallites are formed of short molecules having 
small molecular weights, or if the molecules or polymers 
are non-linear, oval or spherical in shape, such as bake- 
lite and the glyptals, a thread or sheet made of such mate- 
rial will also be brittle, and the x-ray diagram will be that 
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(a) 





(b) 


Fig. 5—X-ray diffraction photographs of (a) unstretched polyisobutylene, plate distance 3 cm. and (b) 


polyisobutylene stretched to the maximum, distance 4 cm. 


Fig. 6—Schematic diagram of (A) amorphous substance—no 
symmetry; (B) perfect crystal; (c) fiber. 


of an amorphous substance. Of course if the molecular 
weight becomes too small, the solid may be “tacky” or 
soft; it is impossible to decrease the brittleness of such 
substances without decreasing the tensile strength. On 
the other hand, if the molecules solidify with the perfect 
three dimensional symmetry of crystals as in Fig. 6(b), 
again the substance will be too brittle; in fact, it often 
happens. that if the orientation of the micellae increases, 
as in going from cotton to ramie, the rigidity increases 
and the fiber becomes less useful practically. 

As the thread-shaped crystallites or micellae are forced 
into parallel alignment by spinning under tension in the 
case of viscose rayon, or by cold drawing in the case of 
steel or Vinyon, the tensile strength in the direction of the 
long axis increases, the pliability increases, the rigidity and 
brittleness decreases and the substance becomes a fiber. 
X-ray examination demonstrates that the elongation under 
tension produces the characteristic fiber x-ray pattern 
and in many cases it can be shown that the more nearly 
the x-ray pattern is that of a true fiber, the greater is 
the tensile strength of the fiber in the direction of the 
long axis. 

The x-ray method enables us to gain an insight into 
the way in which the atoms are arranged with respect 
to one another over a rather small region of space; un- 
fortunately it tells us nothing about the structure of the 
larger units, nothing about the lengtn, shape or size of 


the colloidal groups, the micellae. Here we must make 
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The fiber axis is vertical. 


use of the microscope and much information has been 
gained by the use of this instrument. The surface condi- 
tion of the fibers can be examined, and cross sectional 
photographs can be made, thus revealing the grosser struc- 
tural characteristics. Microscopic studies! have indicated 
that cellulose consists of bundles of crystallites or micellae, 
1.1 x 1.5 microns in size, surrounded by cementing mate- 
rial which binds the cellulose particles together to form 
the fiber or membrane. Microscopic studies are useful in 
studying uniformity of fibers; the uniformity of the 
dispersion in synthetic fibers of such pigments as titanium 
dioxide can also be ascertained with the use of the micro- 
scope’. Identification of fibers and analysis of fabrics are 


greatly aided by microscopic examination. Between the 


lower limits in particle size to which the microscope is 
applicable and the upper limits in size measured by the 
x-ray technique there is an important colloidal domain 
about which we have little information at present. 


Per- 
haps the application of the new electron beam microscope 
to fibers will extend our information in this field. 


Now that we the two most fruitful 
methods of studying the structure of fibers let us consider 
some actual examples of synthetic fibers. 


have discussed 
The first syn- 
thetic fiber was made from nitro-cellulose as patented by 
the Frenchman Count Chardonnet in 1884. All the 
separate processes for the manufacture of fibers of the 
type of artificial silk known as rayon consist, first in a 
soluble in 
some organic solvent inasmuch as cellulose itself is ex- 


chemical modification of cellulose to make it 


tremely insoluble in all solvents, second in the pressing 
or drawing of a solution of this modified cellulose through 
an orifice and third, solidifying the cellulose in the form 
of a filament by means of a precipitating medium. This 
last step is done under tension in order to produce the 
characteristic lining up of the micellae into the necessary 
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fiber structure; in fact, it was not until the drying under 
tension was carried out that rayon became a really useful 
commercial product. The different chemical processes to 
produce nitro-cellulose rayon, viscose rayon, cupram- 
monium rayon and cellulose acetate rayon may be sum- 
marized as follows: 
Nitro-cellulose Rayon 
[C,.H,,0O,(OH )¢]x + OHNO, ——> 
cellulose FSO, 
[C,H,,0,(NO,),] + 6H,O 
cellulose hexanitrate 
This product or one containing fewer nitrate groups can be 
dissolved in ether-alcohol mixture, extruded through fine 
holes into warm air, and the resulting filament denitrated 
in order to reduce the inflammability by passing the 
fibers through a calcium sulfide solution. The ether- 
alcohol solution is called collodion; when camphor is 
added, celluloid is formed. The synthetic lacquers such 
as Duco are solutions of cellulose nitrate in a mixture 
of solvents. 
Viscose Rayon 
|C,.H,,O,(OH)6|x + OCS, + 6NaQH ——> 
wood pulp or 
mercerized cotton 


fo [C,,H,,O,—-O—C=S | 4+ 6H,O 


} S—Na ( . 


\ 





cellulose xanthate 

Cellulose xanthate is soluble in water, but can be pre- 
cipitated by extrusion into an acid bath. After desulfuriz- 
ing, bleaching and washing, the resulting filaments are 
composed of pure regenerated cellulose. 
Cellulose Acetate Rayon 

[C,,H,,O,(OH)6]x + 3(CH,CO),0 ———> 

cotton linters acetic anhydride 
|C,.H,,O,(OCOCH, )6]x + 3H.O 
cellulose triacetate 

The cellulose triacetate is soluble in the reaction mixture, 
but is hydrolyzed by dilution with acetic acid until part of 
the combined acetic acid has been split off and cellulose 
diacetate formed!*. Further dilution with water throws 
this down, and on washing and drying, it becomes a white 
flaky material. To produce a rayon fiber or yarn, the 
cellulose acetate is acetone until a thick 
molasses-like transparent fluid has been formed, and this 
“dope” after filtering and: de-aerating is forced under 


dissolved in 


high pressure through spinnerets downward into a cur- 
rent of rising hot air which evaporates the acetone leaving 
the fiber as the cellulose-diacetate. The size, strength, 
elongation, and cross-sectional shape of the filaments are 
controllable within rather wide limits by the spinning 
conditions, such as rate of extrusion of spinning solution 
in relation to the higher rate at which the coagulated 
filaments are withdrawn from the cabinet, the temperature, 
the humidity, and rate of flow of the air in the cabinet. 
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Acetate rayon is naturally not exceptional in this respect, 
















the physical properties of viscose rayon and cuprammonium 
rayon likewise depend to a marked degree upon the spin- 
ning conditions. 
Cuprammonium Rayon 

[C,.H,,0,(OH)6]x + Cu(NH,),(OH), > cellulose 

cellulose Schweitzer’s solution 
Reagent 

In this case the reagent serves to dissolve the cementing 
material thus allowing the cellulose micellae to become 
dispersed in the solvent medium. The cellulose is re- 
generated by spinning into acid or alkaline baths. 

The viscose process is the most important of the above- 
mentioned processes, 85 per cent of the world’s annual 
production of 2 to 3 million pounds being viscose rayon. 
The least important is nitro-cellulose rayon. 

When cellulose is dispersed in a spinning solution, the 
cellulose bundles, which in the native cellulose are bound 
together by a cementing material, are broken down, 
separated and reduced in size to colloidal dimensions. 
The splitting is chiefly longitudinal inasmuch as_ the 
cross-chain bonds holding the long fibers together are 
weaker than the bonds acting in the direction of the long 
axis. The size and uniformity of the dispersed micellae 
depend upon the technique of dispersing and ageing of 
the material; in the 


case of acetate!" better 


control is obtained by allowing the reaction to proceed to 


cellulose 


the triacetate stage and then reducing the number of 
acetate groups to form the diacetate than by attempting 
to acetylate the cellulose directly to the diacetate stage. 
When the colloidal dispersion of the cellulose compound 
in the solution is spun, either in filament or sheet form, 
the micellae are unoriented, they lie in a matted mass like 
the criss-cross arrangement of fibers in a felt. It has the 
diffraction pattern of mercerized cotton’, cotton treated 
with 14 to 28 per cent caustic soda and then thoroughly 
rinsed. 

The first rayon fibers were not of the highest quality ; 
they lacked tensile strength and disintegrated too easily 
when washed. However, it was found possible to improve 
them by increasing the orientation of the fibers by spinning 
The luster 
of mercerized cotton is also increased by carrying out 
the mercerization The possibility of 
strengthening fibers by tension depends upon the presence 


or drying under tension or by cold drawing. 


under tension. 
of building units or micellae much longer than they are 
broad or thick; in other words, the molecules must be 
long, narrow polymers for fibet fo.mation. Cellophane 
sheets dried under tension show directional properties, 
the tensile strength in the direction of the stretch is in- 
creased by several hundred per cent while the ductility is 
greater for a strip cut in the cross-machine direction 
than for a strip cut in the machine direction. Creasing 
and dye absorption are affected by stretching, as the 
crystallites become better oriented the creasing increases 
because the fibers are more brittle and less resilient, 
and the dye absorption becomes less with improved orien- 
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tation. However, in the case of mercerized cotton, the 
ability to absorb dyes is increased by the mercerization, 
but cotton mercerized with no tension can absorb more 
dye (benzopurpurin) than cotton mercerized under ten- 
sion. Regenerated cellulose, in general, has a greater 


dye absorptive capacity than native cellulose. 


Cellulose itself is not thermoplastic; that is, it decom- 
poses or chars before melting because the cohesive forces 
between chains are too strong to be broken down at 
temperatures below the decomposition temperature. If, 
on the other hand, large groups such as the acetate, nitrate, 
butyrate or laurate are introduced in the place of the 
hydroxyl groups in the cellulose chain, the cohesive forces 
between chains are reduced to the point where the fiber 
can be affected by moderate heat!*. For example, care 
must be exercised in ironing any acetate rayon fabric if 
sticking of the fabric to the iron or scorching is to be 
prevented’*. Cellulose stearate is essentially plastic at 
room temperature and has a tensile strength of only 0.5 
kg. per square millimeter as compared to 9 to 12 kg. 
per square millimeter for cellulose acetate’. 


As one could predict in advance, the amount of moisture 
absorbed at any given relative humidity depends upon 
the structure of the fiber; conversely, the absorption of 
moisture affects the physical and chemical properties of 
the fiber. The amount of moisture absorbed increases as 
the orientation of the micellae decreases, and the absorption 
decreases when the hydroxyl groups of the cellulose chain 
are replaced by acetate groups. Acetate rayon!? absorbs 


less than half as much moisture as wool or viscose rayon, 
about half that of silk and slightly less than that of cotton. 
The absorbed moisture forces the micellae apart, reduces 
the mutual attractive forces, reduces the tensile strength, 
increases the elongation and acts as an internal lubricant 
enabling the micellae to slide or shift more easily over 


one another. The plasticity increases with increase of 
moisture content. This is of some advantage in textile 
processing where the limberness and pliability of the 
fiber facilitates the weaving and knitting. It is interesting 
to note that in the case of raw cotton, the tensile strength 
increases with increasing moisture content?®. 


If the cellulose is regenerated under high tension as in 
the Lilienfeld process, the tensile strength may be too 
great, the extensibility too low and the yarn too brittle 
for use as a textile fiber. However, some high strength 
yarns such as the ‘“Tenasco” yarns? have been found to be 
superior for the manufacture of heavy duty tire fabrics 
such as are used in buses and trucks. Their strength 
is around 3.6 g. per denier as compared to 2 g. per denier 
for ordinary rayon, both in the dry state. The spinning 
process of the regenerated cellulose can be modified so 
as to produce certain specialty yarns such as “T and T,” 
thick and thin, and abraded yarns. The thick and thin 
filaments occur when a pulsating pressure is applied to 
the spinning dope, causing a thickening and thinning of 
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the filament as it leaves the spinneret?. Abraded, or 
wool-like yarns are made by running the yarn against 
a sharp cutting abrasive surface which cuts or abrades 
only the outer filaments of the yarn. 


Mention should be made of rayon staple? which is the 
same as the continuous filament yarn in chemical and 
physical properties but which has been cut to suitable 
lengths to be handled on cotton, wool and worsted machin- 
ery. Blending with natural fibers such as cotton, wool 
and linen thus becomes possible. 


All of the above synthetic fibers have been of the 
regenerated cellulose type, but it is possible to produce 
regenerated protein fibers*. Ferretti in Italy in 1936 
published a description of his work on milk casein, which 
led to the new fiber “Lanital,” a wool substitute ; the name 
“prolon” is also proposed®. The curds of milk are 
thoroughly washed, freed from whey and fats, dissolved 
in caustic and spun through regular spinnerets into an 
acid bath. The filaments are then hardened with for- 
maldehyde, washed and cut to the desired length. Lanital 
fibers have the same density, the same chemical and 
dyeing properties as wool, except that they absorb the 
dye faster, but because of the formaldehyde treatment are 
not subject to attack by moths or beetles. Casein fibers 
mixed with wool improve the felting characteristics of 
the latter. 


Research on other proteins such as fish protein, re- 
generated silk, peanut, corn zein and soy bean has also 
been carried out. The Ford Motor Company under the 
direction of R. A. Boyer* has pushed the investigation 
of the soy bean protein and is now constructing a plant 
capable of producing 1,000 lbs. per day of finished soy 
bean protein fiber in the form of “top” suitable for 
blending with fibers used in automotive upholstery. The 
steps in the manufacture of this fiber are as follows: 


1. Extraction of the oil with hexane at lower tem- 
peratures than those used in the preparation of cattle food. 


2. Extraction of the protein with 0.1 per cent sodium 
sulfite, followed by filtration and reprecipitation of the 
protein by acid, washing and drying. The pH must be 
constantly controlled and iron equipment avoided. To 
insure uniformity in the protein, soy beans grown under 
carefully controlled conditions must be used. 


3. Solution of the protein and ageing to form a thick 
viscous stringy fluid containing 20 per cent protein. 

4. Spinning of the protein solution by forcing it under 
pressure through spinnerets into sulfuric acid, formalde- 
hyde and salt bath. After passing through the acid bath, 
the filaments are stretched over two glass pulleys called 
Godet wheels, the second wheel revolving faster than the 
first. Filaments made without stretch are weak and brittle 
and give indefinite x-ray patterns. 

5. Immersion of the fiber in formaldehyde to “set” it 
completely. Next it is cut to the desired length and dried 
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under controlled humidity and temperature. It is then in 
a loose fluffy condition, resembling scoured wool. Tensile 
strength is 80 per cent that of wool, and elongation 40 per 
The fiber is not wet as readily by water as 
is wool, and it is particularly resistant to the action of mold. 


cent greater. 


We come now to a consideration of the completely 
synthetic fibers, nylon and Vinyon. In 1928 the DuPont 
Company had completed plans to embark on a new pro- 
gram of fundamental research at their central laboratory, 
the Experimental Station at Wilmington, Delaware. Dr. 
Wallace Hume Carothers®, an instructor in Organic Chem- 
istry at Harvard University, was selected to direct the 
work of this new group of scientists. He found at Wil- 
mington facilities for carrying on research in the way 
of space, equipment and trained assistants far superior to 
that available to any University professor. At Wilmington 
Carothers was free to work on problems of his own 
sefore going to Wilmington he had begun to 
think about the organic chemistry of high polymeric 
substances, about their molecular weights, their structure 
and the mechanism of polymerization. In the DuPont 
laboratories he began their study by controlled methods 
of synthesis, building huge molecules from smaller ones 
in many different ways, at the same time observing the 
physical and chemical structure of the high polymeric 
substances formed. The results of this work, extending 
over a period of nine years before his untimely death on 
April 29, 1937, have been of outstanding scientific interest 
and were also of considerable value to the DuPont Com- 
pany as they laid the foundation for the commercial 
development of Neoprene, the first synthetic rubber, and 
for nylon, the first entirely synthetic fiber. 
patents were issued in Carothers’ name. 


choice. 


Fifty-two 


We have seen that natural base fibers must be composed 
ot molecules or bundles of molecules which are much 
longer than they are wide so that on mechanically stretch- 
ing the fiber, the long molecules can become oriented 
parallel to one another, thus making a strong fiber which 
at the same time is pliable, not too brittle or too soft or 
sticky. Therefore, it is easy to understand that the 
synthesis of a truly artificial fiber must start with low 
molecular weight molecules that can react with one another 
over and over again until the long chain molecules have 
been formed. Now in organic chemistry there are many 
types of recurring or polymerization reactions possible, 
but very few of them lead to substances out of which 
useful fibers may be made. One of the earliest polymeriza- 
tion reactions of commercial importance was the con- 
densation of phenol and formaldehyde to form Bakelite. 
Carothers called this a tri-bifunctional reaction because the 
formaldehyde behaves as if it were HOCH,OH, i-e., with 
two functional OH groups, and because three of the 
hydrogen atoms in the benzene nucleus of the phenol react 
with the formaldehyde, thus 
It is apparent that the polymer formed is not linear, nor 
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necessarily regular in shape, but can be formed in a 
number of ways. 
obtained. 


In this case a plastic and not a fiber is 


It is possible to have acids reacting with alcohols to 
form esters; the glyptal resins are produced by the action 
of phthalic acid on glycerol 


HO-CH5 
C=0 | C=O 
Nou 4+ HO-CH ——» Nou 
c= | cso 
NoH  HO-CH, N0-CH>-CH-CH» 


etc. 
OH OH 
Here again the polymerization takes place in three dimen- 
sions, the molecules may be as wide as they are long with 
no chance for fiber formation. Suppose, however, that a 
linear dicarboxylic acid such as hexadecamethylene di- 
carboxylic acid, 
HOOC—(CH.,),,—COOH, 
is caused to react with trimethylene glycol HO(CH,),OH 
in a bifunctional reaction, the high molecular weight 
product formed will be linear (Carothers and his co- 
workers found that ring formation occurred only if 5 or 
6-atom membered rings could be formed). The first step 
in the reaction can be represented by the equation 
HO—(CH.).—OH + HOOC—(CH,),,—COOH ——> 
© 


ae wee —COOH + H,O 
in which on the liberation of water a molecule is formed 
whose ends still consist of functional groups capable of 
further reaction. Theoretically there is no limit to the 
size of the molecule that might be formed, but practically 
the reaction slows down as the molecules become larger 
and larger. The viscosity of the reaction mixture rises 
and it is only after prolonged heating in a molecular still 
at 200° C. for a period of twelve days that a super polyester 
results. These linear polyesters, the first truly synthetic 
molecules out of which fibers can be made, have a molecular 
weight of about 12,000 corresponding to approximately 


re) O 


34 recurring units 


it 
C—(CH,),,—C—O— 


——(CH,),—O 
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Molecular length is around 0.1 ,»; in other words the 
molecule is of colloidal size. Carothers and Hill made 
filaments of this material by directly drawing threads 
from the molten state with a rod and by dissolving the 
polyester in chloroform and dry spinning it as is done in 
the case of cellulose acetate rayon. If stress is applied 
during the spinning operation, the fibers become trans- 
parent, lustrous, strong, pliable and heat resistant and give 
x-ray diagrams showing some fiber structure (unstretched 
polyester filaments are amorphous). It was found that 
continuous filaments could not be spun until the molecular 
weight rose above 7000, and it was not until the molecules 
grew to a molecular weight of 12,000 that a useful degree 
of strength and pliability was obtained. The super poly- 
esters were harder, tougher and not as soluble as the 
polyesters with molecular weights below 5000. Tensile 
strength (16 to 24 kg. per sq. mm.) of the cold-drawn 
filaments (stretched after spinning) is not quite as great 
as that of cotton (28 kg. per sq. mm.) or that of silk (35 
kg. per sq. mm.). The melting point was also low, the 
filaments softened in hot water and dissolved in alcohol. 

Very strong filaments, now called nylon, have been 
made’, however, by condensing dibasic acids such as 
adipic acid 

HOOC—(CH,) ,—COOH 
or sebacic acid 
HOOC—(CH.),—COOH 
with long chain primary di-amines such as pentamethylene- 
diamine 
H,N—(CH,),—NH. 

giving in a bi-bifunctional reaction polymers called poly- 
amides, such as a polymer whose fundamental recurring 
unit is 


! 


| || | 

H H O i 

For fiber formation x+y must total at least 5, and in the 
case of polypentamethylene sebacamide, the sum is 13. 
Commercial nylon is probably formed from hexamethylene- 
diamine and adipic acid (x+y equal co 10). The process 
of polymer formation is extremely simple although for 
maximum strength of nylon filaments, the polymerization 
must not be carried too far. 


= eS 


First hexamethylenediamine 
is added to adipic acid in equivalent proportions forming 
a salt analogous to ammonium acetate which can be purified 
by recrystallization. The salt is then heated to drive off 
water as the polymerization occurs; naturally the length 
of heating and temperature have to be carefully controlled 
as well as the atmosphere from which oxygen must be 
excluded to prevent discoloration of the product. Viscosity 
stabilizers such as 0.1 to 5 per cent excess acid or amine 
or molecules containing only one functional group can be 
added to stop the polymerization at the desired point. 
According to Staudinger’’, nylon molecules have a molecu- 
lar weight of 12,500 when dissolved in m-cresol; this 
corresponds to a linear chain about 900 atoms long. 
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Nylon is spun under hydrogen gas pressure in the molten 
state and the filaments cold drawn to impart fiber structure 
and tensile strength. 

The tensile strength of dry nylon is 51 kg. per sq. mm. 
or 5 g. per denier, considerably stronger than cotton and 
somewhat stronger than silk; wet, its strength is 4.4 g. per 
denier. Ironing has no effect on tensile strength for 
temperatures up to 205° C.; nylon melts at 245° C. Nylon 
absorbs at 100 per cent relative humidity about 7.5 to 8 
per cent moisture; its wet length is 3.5 per cent greater 
than its dry length. For knitting it has to be coated with 
a “size” like the sericin in silk spinning, which will adhere 
to the nylon, soften when wet with water without becoming 
tacky, redry to give a firm position of the loops in the 
fabric, protect the filaments during the various handling 
operations and be easily removed after it has served its 
purpose. Nylon hose can be “set” to a permanent shape 
by means of treatment with boiling water or steam; higher 
temperatures and longer treatment would be required in 
general to change the set. 

Nylon is difficultly soluble in most reagents except 
phenol and formic acid. Other solvents are m-cresol and 
xylenol, but the common dry cleaning solvents are without 
effect. It is attacked by hydrochloric acid, but resists 
strongly the action of alkali; bleaching agents such as 
hydrogen peroxide and Javelle water do not affect nylon 
at room temperature nor do they have any bleaching action. 
I have heard of one woman!® whose skin was so sensitive 
to nylon that the wearing of nylon hose blistered her feet; 
another objection that I have heard is that nylon hose 
feel cold on the leg, but my wife does not confirm this 
remark. On the whole, nylon is a very remarkable 


substance. It has a number of uses other than that in 


fibers. 

Finally, polymerization can occur simply by addition 
of one unsaturated molecule to another without the neces- 
sity for the elimination of water; a striking example of 
this is the rapid polymerization of chloroprene, 

CH,.—C—CH=CH, 
| 
Cl 
which is prepared by the addition of hydrogen chloride 
to vinylacetylene® 
CH=C—CH=CH, 
in the presence of chloride and ammonium 
Father Nieuwland of Notre Dame® had shortly 
before discovered and patented the preparation of vinyl- 
acetylene by the catalytic polymerization of acetylene. 
Chloroprene adds rapidly to itself, as Carothers and co- 
workers discovered, in such a way that the net result is a 
polymer built of repeating units having the structure 
—CH,—C—CH—CH,— 
| 
Cl 
Polymerized chloroprene is called Neoprene and 1s now 
sold commercially by the DuPont Company as an artificial 
rubber. Although the long molecular chains are lineaf, 


cuprous 
chloride. 
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they can coil up in spiral form and, therefore, are not 
fibers. 
The polymerization of isoprene 


CH,==C—CH=—CH, 


CH, 
yields a rubber-like substance, but it is not commercially 
useful. Similarly, butadiene 
CH,—CH—CH=CH, 
will also polymerize to yield a rubbery polymer, but again 
the substance is not satisfactory from a commercial stand- 
3ut butadiene polymerized with acrylic nitrile 


CH.—=CH 


point . 


CN 
to yield a polymer in which the unit 


—CH,—CH=CH—CH,—CH, 





CH 


CN 
occurs does give a good synthetic rubber, namely the 
German Buna-N rubber*®. Ameripol, another synthetic 
rubber, is probably also formed from butadiene and acrylic 
nitrile with the percentage of acrylic nitrile different from 
that in Buna rubber. Butadiene polymerized with styrene, 
C,H,CH==CH,, results in Buna-S rubber. 
Isobutylene 
H,C 
‘ 
F seas 
ee 
will polymerize in the presence of boron trifluoride to give 
a polymer with all linkages completely saturated, 
peating unit being 


the re- 


a a ae 


CH, H 

Such a substance cannot be vulcanized, so a small percent- 
age of butadiene is polymerized along with the isobutylene 
to give butyl rubber® an excellent synthetic rubber which, 
after vulcanization, contains no unsaturated linkages and 
is, therefore, inert to ozone and oxidizing agents. 

Vinyl chloride, 

CH,=—CHC1, 

can be polymerized by means of irradiation with ultra- 
violet light, peroxides or ozone or catalysts*. It gives a 
strong and tough film, but it has such a high softening 
temperature that plasticisers must be used if the proper 
milling and physical properties are to be secured. A 
tubber-like material results, to which fillers, pigments, 
dyes, etc., can be added. The resin formed is chemically 
resistant to acid, alkali, salt solutions, fats, oils and has 
found use as sheets, rods, tubes and in transmission belts 
in place of rubber’. 

Vinyl acetate, O 


CH,—=CH—O—C—CH, 
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likewise polymerizes linearly, the recurring unit being 
H H 
| | 
snnllinall cases 
H C 


Cant? 


CH, 
As could be predicted from statements above, such a large 
side group as the acetate causes the polymer to soften a 
few degrees above room temperature and to be much 
weaker mechanically than the polyvinylchloride. It easily 
wets and clings to surfaces and acts as an excellent bonding 
agent. Use is found as a binder in composition wood 
molding, as an adhesive for sealing fiber cartons, for 
making milk bottle caps, gumming tapes’, etc. 

If the polyvinyl chloride and polyvinyl acetate are in- 
timately mixed, only weak, brittle or indifferent products 
result. But if the vinyl chloride is co-polymerized with a 
small fraction, 10 per cent, of vinyl acetate, the new 
synthetic fiber Vinyon is produced. (Mention should be 
made of the fact that many interesting and useful resins 
are prepared by varying the proportions of the chloride 
and acetate.) The average molecular weight of the prod- 
uct is from 15,000 to 16,000. To make a multifilament 
yarn, the copolymer in the form of a white powder is 
dispersed in acetone to form a dope of 23 per cent of the 
copolymer ; it is then filtered, de-aerated and spun in the 
same way that cellulose acetate is spun. A cold stretching 
of over 100 per cent of its original length imparts ‘the 
characteristic fiber structure and a tensile strength of 
4.20 g. per denier. Although this is less than the strength 
of nylon, it is greater than the tensile strength of cotton, 
and it has the additional advantage of not changing its 
tenacity as it becomes wet because it is water repellent. 

Vinyon is exceptionally resistant to mineral acids and 
alkalies; it is not attacked at room temperature by 70 per 
cent nitric acid, by aqua regia, by hydrochloric or hydro- 
fluoric acids, by 30 per cent sodium hydroxide or 28 per 
cent ammonium hydroxide. It is resistant to salt solu- 
tions and unaffected by alcohols, glycols and aliphatic 
hydrocarbons. It is dissolved by ketones and softened by 
esters, some halogenated hydrocarbons, ethers, certain 
amines and by lower aromatic hydrocarbons. Vinyon is 
definitely thermoplastic, at 65° C. or above, it shrinks, 
12 per cent at 75° C. and at 80° C. the filaments tend to 
At 135 to 140 


The yarn is non-flammable, melting and 


adhere to each other. C. definite tackiness 
will develop. 
then charring in a flame. 

At the present time Vinyon is used in textile filter 
cloths, because of its chemical inertness, but new uses will 
soon be found, such as bathing suits, shoe fabrics, fish 
lines, nets, shower curtains, upholstery, etc., etc. 

Thus we have seen that long polymeric molecules 
which have a sufficient number of attracting polar groups 
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to give lateral rigidity can form fibers; if the molecules 
are long, but do not laterally attract, rubber results. How- 
ever, by vulcanizing the rubber, three dimensional stability 
is produced, and the rubber becomes more like a plastic. 
Hard rubber is virtually a plastic. If the polymeric 


molecules are synthesized in three dimensions, plastics 
result. 


In conclusion, the author wishes to express to Dr. G. P. 
Hoff of the DuPont Company, Dr. F. Bonnet of the 
American Viscose Company, Dr. Harold DeWitt Smith 
of the A. M. Tenney Associates, Inc., and to Mr. R. A. 
Boyer of the Ford Motor Company his sincere appreciation 
of their kindness in supplying him with technical informa- 
tion concerning their synthetic fibers. 
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a 
Moth-proofing— 
(Concluded from page P326) 


is usually best to filter. 
60°. 


water. 


Patent No. 2,130,948, September 20, 


Heat the solution or filtrate to 
Also, warm the liter flask under running warm 

Pour the warm lithium carbonate solution into 
the liter flask, incidentally washing into it the traces of 
uric acid which adhered to the watch-glass and funnel. 
Shake so as to dissolve the uric acid promptly. A little 
additional warming under hot tap water is permissible. 
The lithium carbonate solution is not always perfectly 
clear, even when filtered, and one should not mistake this 
little turbidity for undissolved uric acid and keep warming 
and shaking too long. In 5 min. all of the uric acid should 
be dissolved. Shake the flask under cold running water 
without undue delay. Add 20 cc. of 40 per cent formaline, 
and half fill the flask with distilled water. Add a few 
drops of methyl orange solution and finally add, from a 
pipette, rather slowly and with shaking, 25 cc. of normal 
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sulfuric acid. The solution should turn pink, while 2 or 
3 cc. of acid are still left in the pipette, thus showing 
that the total acidity from adding 25 cc. of the acid is not 
great. Dilute to volume, mix thoroughly, and transfer 
to a clean, tightly stoppered bottle. This stock solution, 
containing 1 mg. of uric acid per cc. should be kept away 
from light. 

“To prepare the working standard, dilute 1 cc. of the 
stock solution, with water only, to 250 cc. It behaves 
exactly like a lithium carbonate solution of uric acid and 
keeps perfectly for many days. (5 cc. == 0.02 mg. uric 
acid.)” 

(4) Uric Acid Reagent: 429) 

“Transfer 100 gm. of sodium tungstate (free from 
molybdate, cf. note 2, p. 428) to a 500 cc. Florence flask. 
Mix 32 to 33 cc. of 85 per cent phosphoric acid with 150 
cc. of water. Pour the resulting solution on to the 
tungstate and mix. Add a few pebbles and boil very 
gently over a microburner for 1 hour. Loss of liquid 
during the boiling is prevented by using, as a condenser, 
a funnel holding a 200 cc. flask filled with cold water. At 
the end of the boiling period decolorize with a little 
bromine water, boil off the excess bromine, cool, and 
dilute to 500 cc. 

“If the reagent so obtained is not perfect (in other 
words, if it gives blank with Merck’s urea-cyanide or 
with urea-cyanide plus tyrosine), add 3 to 5 gm. of sodium 
tungstate (but no more) and boil for another 10 to 15 
min., then cool, and decolorize as before. The addition 
of a little extra tungstate and the short second boiling can 
also be made without first testing the reagent for a blank.” 
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100 yards or more, per yard 
Washing Fastness Standards, Cotton, per set 
Wool, per set 
Silk, per set 
Light Fastness Standards 
Rubbing (Crocking) Fastness Standards 
Crock-Meter Cloth, per package 
RETR RES gag NET aT ON ORE mee ae ee are 
7 packages 
Crock-Meters, from W. C. Durfee Co., 114 Federal St., Boston, 
Mass. 
Counter, attached, additional 
Launderometers, from Atlas Electric Devices Co., 363 West Superior 
St.. Chicago, Illinois. 
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LET THEM CALL ON ME 


NCE we were talking with a mill executive and sug- 

gested that it might be well to call on a certain 
dyestuff firm in search of some rather special information. 
Oh! No! there is no sense to that—get them down here. 
So, apparently there are at least two ways of looking at 
that simple matter. 

We (who happen to be contributing this editorial) have 
had for many years the notion that it is a good thing 
to call now and then on the people from whom we buy 
supplies for technical use. Neglecting such minor advan- 
tages as free lunches and free cigars, we have got a good 
deal out of such calls, especially if we were interested in 
things a little out of the ordinary. 

Of course you can get a number of the same things 
from the salesman who calls from time to time or from the 
technical man who comes for some special purpose. They 
can help you out of trouble, tell you of new products, 
predict a rising or falling market, indicate some future 
trend in textile lines or processes, and so on through the 
answers to a great number of questions. 

Now, on the other side, most of us have a great variety 
of interests but it is a little difficult to state as briefly and 
clearly just what are the advantages of calling on the 
better houses that supply you. For one thing, if you have 
any serious or involved problem you can sit down and 
discuss it with fewer interruptions than in your own home 
office. Another real advantage is that there are records 
and facilities at hand which are not available when a 
representative calls on you. Such are the more bulky 


June 23, 1941 


shade cards, files of experimental dyeings and, perhaps 
more important, the chance of consulting with anyone else 
who is there, particularly specialists who are not com- 
monly travelling. The regular salesman thinks he knows 
your line and may limit his offerings and suggestions for 
that reason, so it may be an advantage to talk to the sales 
manager or to an executive who has a broader point of 
view. 

Sometimes it is possible to make a dyeing or a few 
simple experiments and thus get a quick answer to a 
special problem. You are likely to learn of a new method 
of testing, or something else that you would not think 
to ask for if the conference was taking place in your own 
office. We have found it well worth while, also, to take 
plenty of time to cover all the questions that we wanted 
to discuss. Remember that only one or two useful facts 
may be enough to make a visit a success. 





¢ ¢ - 


TEXTILE RESEARCH BY EVERYBODY— 
INCLUDING THE TEXTILE INDUSTRY 


HIS is a review of an old subject—a truly curious 

phenomenon—but it has a new note of hope for the 
hard working sponsors of textile research and, of course, 
for the industry itself. This subject was suggested again 
by a talk with an officer of a company which supplies 
the textile industry with dyes and various chemicals used 
in processing. He said: “ 


We (the suppliers) are taking 
over the research 


for the textile industry.” Now we 
(editorially) ask you, is that the way it should be? 

The question was also suggested by the list of con- 
tributors to the textile drying research whose experimental 
work has recently been completed under the direction of 
the United States Institute for Textile Research. Just 
about half of the contributors to the research were sup- 
pliers to the textile industry of rayon, machinery, instru- 
ments, etc. The half, roughly speaking, were 
manufacturers of textiles, the people who actually dry them 
in vast quantities. 


other 


This does sound like a curious lack of interest on the 
part of those who do the making of the textiles and may 
recall an earlier editorial (March 9, 1936) written at a 
time when the supporters of the sizing research were in 
just about the same proportions. But, there is a really 
big and encouraging difference. In that research the 
textile section of the group furnished only a quarter of the 
original financing because the Textile Foundation provided 
half of it. In this research the textile group furnished half 
the funds (approximately). That is a reason for great 
If we figure that the mills furnished 25 
per cent last time and 50 per cent this time it is a gain 
of 25 per cent; but if you want to be a real optimist, 50 
per cent is twice 25 ¢ cent so it is a gain of 100 per cent! 
No wonder the U. 
progress. 


encouragement. 


S. Institute regards this as substantial 


(Concluded on page 344) 








TRADE NOTES @ 


OBITUARY 


STANLEY WARZALA 

STANLEY WARZALA, supervisor of 

safety at Calco Chemical Division, Amer- 
ican Cyanamid Co., died on June 9th at 
the Somerset Hospital after a short illness. 
He was born in Polish Austria and came 
to this country in 1893 at the age of 15. 
He served in the U. S. Army during the 
Spanish American war, after which he 
became chief of the Internal Revenue Ser- 
vice of the island of Porto Rico. In 1912 
he became assistant treasurer of Porto Rico. 
He resigned this position in 1916 and went 
with the newly organized Calco Chemical 
Company in Bound Brook. 

In January of this year he was appointed 
by Secretary of Labor Perkins as a special 
agent of the Department of Labor to pro- 
mote the safety and industrial health of 
New Jersey industries receiving govern- 
ment defense contracts. He was recently 
elected to the post of general chairman of 
the chemical section of the National Safety 
Council. He was treasurer of the 
New Jersey Industrial Safety Committee 
and a member of the managing committee 
of the Eastern Safety Conference. 


also 


He is survived by his widow and a son 
Stanley W. 


@ COMMENCEMENT, L.T.I. 

The forty-third commencement exercises 
of the Lowell Textile Institute were held 
on June 10th. Sixty-eight graduates re- 
ceived degrees. Arthur Besse, president 
of the National Association of Wool Manu- 
facturers, delivered the commencement ad- 
and President Charles H. 
made the address of welcome. 


dress Eames 
Mr. Besse’s 
address appears in this issue on another 
page. 

For the first time in the history of the 
school an officer from each of the major 
branches of the country’s armed service 
received degrees. The degree of master 
of science in textile engineering was con- 
ferred upon Lieut. Roy G. Buck of the 
navy, Capt. Harlin C. Cooper of the 
marine corps and Major Charles A. Jones 
of the army. 

The medal of the National Association 
of Cotton Manufacturers was presented by 
John J. Riley, assistant secretary of the 
association, to Leo 
Mass. The Louis A. 
for scholarship were awarded to the fol- 
lowing: graduating student—Salvatore J. 


Chelsea, 
Olney book prizes 


Linden of 


Puliafico, Barre Plains, Mass.; second year 


class—first prize, Richard E. Petersen, 
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Mass.; second prize, Albert S. 
Park, N. Y.; first year 
Edwin M. _ Gottlieb, 
Brooklyn, N. Y.; second prize, Joseph B. 
Masachi, Jamaica Plain, Mass. 

The degree of bachelor of textile chem- 
istry was 


Concord, 
Messer, Ozone 


class—first prize, 


conferred upon the following 
graduates from the department of textile 
chemistry and dyeing: Thaddeus Bardzik, 
John A. Condon, Jr., Edward J. Epstein, 
Sidney W. Factor, Saunder  Finard, 
Matthew Stephen A. Gatzimos, 
Abraham H. Grondin, George S. Higgin- 
bottom, Norman A. Inkpen, Charles S. 
Koulas, Harold Landfield, George D. 
McTeague, Francis V. Mahoney, Jr., Neil 
J. Manning, Irving P. Mintz, Francis A. 
Murphy, Walter W. Platt, Salvatore J. 
Puliafico, Charlotte M. Rich, Angus H. 
Roberts, Sidney I. Basil G. 
Skalkeas, Paul J. Frank J. 
Szymosek, George R. Turner, George S. 
Urlaub, Clarence B. Weil. 


Gass, 


Salstman, 
Sullivan, 


@ CHIEF, PURCHASE SECTION 

Martin Sandler, former vice president of 
the Clifton Yarn Mills, Inc. Clifton 
Heights, Pa., has been appointed as a 
dollar a year executive for the government 
and is now serving as chief of the purchase 
section of the Philadelphia Ordnance Dis- 
trict, U. S. Army, Mitten Building, Phila- 
delphia, Pa. 


@ MINIMUM TEXTILE WAGE 

An unanimous recommendation by a 
committee representative of employers, 
labor and the public for establishment of 
a minimum wage of 37% cents an hour in 
the textile industry has been approved by 
General Philip B. Fleming, Administrator 
of the Wage and Hour Division, United 
States Department of Labor. A wage order 
will be issued later. The new minimum 
will go into effect June 30. 

It is estimated that the wage rates of 
about 300,000 workers will be 
This is the largest 


increased, 
workers 
to have their wages raised by an industrial 
wage order. The pay of the lowest scale 
workers at the standard 40 hours will be 
raised from $13 to $15 a week. About 
650,000 are employed in the industry af- 
fected. 


number of 


@ COMMENCEMENT, GEORGIA TECH. 

Commencement Exercises at the Georgia 
School of. Technology were held on June 
8 and 9, 1941. 

On June 8 the Commencement Sermon 
was preached by Dr. Ryland Knight, Pas- 
tor, Second-Ponce de Leon Baptist Church, 
\tlanta, Ga. 


PRODUCTS 


The graduating exercises took place in 
the Auditorium-Armory on the morning 
of June 9. Honorable James M. Cox, Ex. 
Governor of Ohio, was the speaker on this 
occasion, Those who received degrees jn 
textile engineering are as follows: 

Morris M. Bryan, Jr., Hugh S. Burnes, 
Abe Y. Carmical, Edgar V. Carter, Jee 
Robert P. Cochran, Jr., Madison F. Cole, 
James A. Corbitt, James B. Curley, Richard 
E. Forrest, Herbert K. Fuller, William ¢, 
Gibson, Jr., David D. Hamilton, Arthur 
M. Herron, Bryan B. Mitchell, Charles 

Morris, Jack D. Motlow, Jr., John 
Nisbet, Charles H. Ponder, Benajah 
Rainey, Monroe J. Smith, Jr., James 

. Stovall, Jr., Robert F. Tillman, John 

. Whitaker, Meadow S. Williams, Jr. 

On Honor Day, May 2, two medals were 
presented to members of this class, as fol- 
lows: 

David Downing Hamilton received the 
medal offered by the National Association 
of Cotton Manufacturers for the highest 
scholastic average through the first term 
Senior year. 

Madison Cole received the 
medal offered by the Cotton Manufacturers 
Association of 


Filmore 


Georgia to the Student 
with a high scholastic average who shows 


a special aptitude for textile work. 


@ GULICK APPOINTED 

Charles P. Gulick, president and chair- 
man of the board of National Oil Prod- 
ucts Company, Harrison, N. J., has recently 
been appointed assistant to the State Ad- 
visor on Occupational Deferments under 
the Selective Service Act by Governor 
Edison, of New Jersey. Mr. Gulick will 
represent all of Hudson County with the 
exception of Jersey City. 


@ GENERAL RELEASES 

General Dyestuff Corp., 435 Hudson 
Street, New York City, has recently re- 
leased circulars describing the following 
products : 

Alisarine Red WA Powder—a 
chrome color said to possess many valu- 
able properties. It 


Extra 


is usually dyed on 
a chrome bottom, but can also be dyed 
Tt is largely 
used to produce shades of red and bordeaux 


by the after-chrome process. 


said to be of excellent light fastness on 
loose piece goods and 
It is stated that, because of its 
good levelling properties, it can be used 
for combination shades of all kinds if fast 
ness to carbonizing is not essential. Cir- 
cular G-257. 

Alizarine Yellow 5GS 
of very greenish shade. 


wool, slubbing, 


yarns. 


a chrome yellow 
It can be applied 
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according to the afterchrome, monochrome 
mordant, or chrome bottom methods and 
produces dyeings said to be of good fast- 
ness to washing, fulling, light, and steam- 
ing and of very good fastness to water, 
sea-water and perspiration. It is suitable 
wool, slubbing, piece 


Circular G-268. 


for dyeing loose 


goods, and yarns. 


Bensoform Blue GS Conc.—a direct color 
recommended by the manufacturers for 
the dyeing of cotton and, in particular, of 
rayon. When aftertreated with formal- 
dehyde and acetic acid, in the usual man- 
ner for Benzoforms, it produces bright 
shades of blue said to be of comparatively 
fastness to washing, water and 
It is claimed that the prod- 
uct is well suited for use on materials 
which require a degree of fastness beyond 
that obtainable with the average direct 
color. It is dischargeable to a very good 
white with Rongalite C in either neutral 
or alkaline pastes. Circular G-267. 


gor rd 
perspiration. 


@ MULTIPORT VALVES 


Various port and stop arrangements 
provided by Multiport valves are presented 
in a new bulletin issued by Merco Nord- 
strom Valve Company. Ground plans are 
shown of the arrangements effected by 
3-way, 2-port; 3-way, 3-port and 4-way, 
4-port valves at various degrees of turn, 
90°, 180° and 270°. Illustrations of the 
different Nordstrom Multiport 


Valves are shown, with specification tables. 


types ot 


Multiport valves permit quick switching 
from line to line. It is stated that one 
valve can do the work of two, three or 
four ordinary valves, according to the 
arrangement of flow-ways and ports and 
degrees of turn. 


Sizes range from 4” 


to 16”, for pressures tested to 3000 Ibs. 


For high temperature services and where 
extremely corrosive or erosive line con- 
tents are handled, the Multiport type may 


be furnished with Merchrome coating. 


This coating presents an extremely hard 
surface which is said to prevent galling 
and abrasion regardless of line contents or 
temperature. 


The new Bulletin describing Multiport 
Valves, No. V-135, may be had by address- 
ing Merco Nordstrom Valve Co., 400 
Lexington Avenue, Pittsburgh, Pa. 
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@ APPOINTED VICE-PRESIDENT 

E. S. Bissell has been made vice-presi- 
dent of the Mixing Equipment Company, 
Inc. of Rochester, N. Y., by action of the 
board of directors of that company in 
May, 1941. Prior to his promotion, Mr. 
Bissell Technical Sales Manager of 
the Mixing Equipment Company, makers 
of “Lightnin” Mixers. 


was 


Prior to his association with Mixing 
Equipment Company, Inc., Mr. Bissell was 
assistant to the Manager of Instrument 
Sales, Bausch & Lomb Optical Co. 

Mr. Bissell is a graduate of Kansas 
State Teachers College and holds a B. S. 
degree. 


@ CALCO BULLETINS 
“Civilian 
Green 


Conservation Corps Spruce 
Uniform Cloths of Wool” is the 
subject of Technical Bulletin No. 594. This 
Bulletin contains suggested formulae for 
the 30-0z. Spruce Green Overcoating, and 
the 20-0z. Spruce Green Suiting. The for- 
mulae included in this Bulletin are illus- 
trated by mounted samples of the dyed 
raw stock. 

In response to a large number of re- 
quests, Calco has reprinted the article, 
“Performance Characteristics of Dye Jigs,” 
which appeared some months ago in the 
Transactions of the American Socicty of 
Mechanical Engineers. The author of the 
article, Mr. W. B. Heinz, studied the ten- 
sion, speed and power characteristics of 
both the regular and “tensionless” dye 
jigs. The article is primarily a comparison 
between these two types.—Bulletin No. 602 

Calcochrome Green SGV (C. I. No. 292) 
is currently being featured in a color an- 
nouncement. According to this announce- 
ment this dye is outstanding as the green 
component in the Conservation Civilian 
Corps Spruce Green shades. Calcochrome 
SGV is a chrome wool dye that is said 
to fulfill all of the Government's 
fastness tests for this shade. 

The Calco color announcement describ- 
ing this dye specifies that it is applicable 
to wool an any form by the top, bottom or 
chromate methods. Suggested dyeing pro- 
cedures by each of these methods are 
given in the announcement. Complete tables 
of fastness and general dyeing properties 
are also included in the announcement. 

Following the recent announcement that 
Calco is now manufacturing and distributing 
Calcozine Black AFG, a specialty color 
said to be similar to dyes that have here- 
tofore been available 
a Technical 


rigid 


only from abroad, 


Sulletin has been issued 
describing its characteristics. 

According to this Bulletin, (No. 606) 
“Calcozine Black AFG is a basic dye. It 
produces a full, live, black, characteristic 
of ordinary basic black. With this fullness 
of shade, it also provides a smooth, kind- 


feeling grain.” 


This 


research 


Bulletin describes some of the 


that was necessary to develop 
the dye and also includes a series of photo- 
micrographs taken at various degrees of 
magnification and with two techniques of 
lighting. The photomicrographs show 
clearly the roughening effect of ordinary 
basic blacks on the grain of leather. These 
photos compare undyed skin with compara- 
tive sections of skins dyed with a standard 
basic black and with Calcozine Black AFG. 

Copies of these Bulletins may be obtained 
on request to Calco Chemical 
American Cyanamid Co., 


N. J. 


Division, 
Brook, 


sound 


@ BACK CLOTH 

A patent covering the use of a water- 
repellent back cloth for printing 
machines has been issued to E. Farnworth 
and George H. Wood, Jr. of the Apponaug 
Company, Providence, R. I. The novel 
method described employs a cloth treated 
with “Zelan” durable water-repellent de- 
veloped by E. 
Company. 


textile 


I. du Pont de Nemours & 
The technique will be available 
to all textile printers through arrangement 
with the patentees. 

Use of “Zelan” water- 
absorbing properties of the cloth so that 
after washing, it dries readily on a few 
drying cylinders, usually provided for dry- 
ing ordinary back grays. It is 


decreases the 


claimed 
that with this preparation the back gray 
does not stain as readily as when untreated, 
the resiliency is retained and good im- 
pressions in printing are produced. The 
new development is expected to find ex- 
tensive application in the textile prifting 
industry. 


@ NEW EASTMAN DYES 


Seven claimed to be 
above average in its ability to resist gas 
fading, introduced into the 
Eastone series for coloring acetate rayons, 
it is announced by 


new dyes, each 


have been 


Tennessee Eastman 
Corporation, Kingsport, Tenn. 

The dyes, which range through various 
shades of red, yellow and orange, include 
Eastone Yellow 6G, Yellow 3GM, Rubine 
R, Rubine C, Red B, Orange 2R, and 
Orange 3R. They are said to be particu- 
larly stable colors, showing good _per- 
manence even when steamed under pressure. 
In common with other Eastone dyes, they 
can be stripped by soluble zinc formal- 
dehyde sulfoxalate, and 
either the zinc or 


discharged by 
sodium formaldehyde 
sulfoxalate methods. 

The use of the new dyes will not be 
confined to fabrics containing acetate 
Tennessee 
Dyers will be per- 
mitted to apply them to fabrics made from 
any kind of 


rayon yarn produced by the 


Eastman Corporation. 
acetate The colors 
have consequently been made available at 
once to the entire industry. 


rayon. 











Orange 2R produces a clean yellow- 
orange color. It can be applied widely 
since it can be used both as a color in 
itself or as a component. 















Orange 3R produces a bright orange- 
red shade on cellulose acetate fabrics. It 
is stated that because of good fastness to 


























sublimation and washing, it has been widely 








adopted for a scarlet dye in application 
printing. It 








is used in combination with 











other dyes to produce various wine shades. 

A clean greenish-yellow shade is pro- 
duced by Yellow 6G. It can be used for 
the production at a moderate cost of char- 
| treuse, aqua, and bright green 
having maximum brightness. 





























dyeings 
It is pro- 




















duced as a highly dispersed powder and 
is said to have good affinity and level 
dyeing properties at both high and low 
temperatures. 

Yellow 3GM is only affected slightly by 
diazotization and development. 

As a shade of red having a slightly 
blue cast, Red B is recommended as a dye 
It has 
been extensively used in various shades 
ranging from grey, tan, and coral, to wine, 
browns, and full reds. The dye is said to 
have the property of dyeing very level 
shades at low concentrations coupled with 
very good build-up properties in higher 
strengths. Dyeing rates and exhaustion 


in itself, and as a component dye. 








are uniform 
range. 

Both Rubine R and Rubine C are syit- 
able for use either on jig machines or on 
boxes. Rubine R colors materials in shades 
ranging from rose, at low concentrations, 
to bright bordeaux, in higher strength 
dyeings. The dye is particularly recom- 
mended by the manufacturers as a base 
for the various mode shades of rust and 
wine. In application printing, Rubine R 
gives deep rubine prints having a violet 
cast. The prints are said to be fast to 
washing as well as pressure steaming. 

Rubine C produces a range of bordeaux 
shades which are somewhat redder in cast 
than dyeings made with Rubine R. 


over a long temperature 























































































































































































































Quaternary Ammonium Salts—Part 1 


a-Pyridinium Compounds of Higher Fatty Acids and Their 
Amides 


Mehta and Trivedi—J. Soc. Dyers and Col., 56-343, 
Aug., 1940.—The surface active part of soap, sulfonated 
oils, higher fatty alcohol sulfates, etc., is anion-active with 
a negative charge. Other types of compounds which have 
been recently developed, represented by long chain 
quaternary salts such as cetylpyridinium 
chloride, are cation-active. Leukotrope O (dimethyl- 
phenylbenzyl ammonium chloride), a forerunner of these 
new textile auxiliaries, was introduced to calico printers 
about 1910 for assisting in the discharge of indigo. This 
product was not immediately followed by similar com- 
pounds, and recent developments became possible only by 
the discovery that the textile value of such quaternary 
ammonium compounds could be greatly increased by the 
presence in the molecule of an aliphatic chain containing 
at least 8-10 carbon atoms. 


ammonium 


Before the development of cation-active auxiliaries, anion- 
active compounds were largely used in textile operations 
for penetrating, wetting, emulsifying and cleansing pur- 
poses, and also to modify the substantivity of dyes for 
fibers by increasing the degree of dispersion of dye particles 
in the dye bath. With the exception of basic dyes, all the 
substantive dyes have the active part of the dye in the 
negatively charged ion. The new cation-active substances 
can therefore be combined with the colored ion of such 
dyes, e.g., a direct dye, and can modify their affinity for 
the fiber. These agents, according to the precise con- 
stitution and the conditions under which they are applied, 
act as fixing agents for dyes that are not fast to washing, 
as mordants, resists in printing, stripping and levelling 
agents, etc. Among such textile auxiliaries of the quaternary 
ammonium type which are of commercial importance may 
be mentioned Sapamines (SCI), Fixanol (ICI), Solido- 
gens (IG), Sandofix (S), Lissolamines (ICI) and Velans 
(ICI). 
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The a-halogenated fatty acids, esters and amides readily 
form with pyridine quaternary ammouium salts similar 
to those obtained from the alkaline halides prepared, so 
far, from fatty alcohols. This method would save the 
reduction of fatty acids to fatty alcohols which is generally 
effected by high pressure hydrogenation. In the present 
work the quaternary ammonium compounds from a- 
brominated fatty acid amides, e.g., stearamide, palmitamide, 
myristamide, lauramide and plamitanilide, containing pyri- 
dine, have been prepared with a view to studying their 
properties as textile auxiliaries. These pyridinium com- 
pounds have been tested for their wetting power, for 
their uses in improving the fastness of substantive dyeings, 
for stripping azoic colors, for dyeing deep shades with acid 
dyes and for retarding the absorption of basic dyes. 


Preparation of the amides of a-Bromo-fatty-acids was 
carried out by heating the purified and dried fatty acid in 
presence of red phosphorus in a flask with reflux con- 
denser on the water bath at 60°-70° C. with an excess of 
bromine, which was added slowly through a dropping 
funnel. The temperature was then raised to boiling point 
and heating continued until hydrogen bromide and excess 
bromine had escaped. Final traces of hydrogen bromide 
were removed by bubbling dry air through the liquid, the 
a-bromo-acid-bromide at this stage being a clear reddish- 
brown oily liquid. It was cooled and added slowly with 
stirring to a slight excess of strong ammonia diluted with 
ice-cold water. After external cooling the reaction flask 
was kept at room temperature over night. The amide was 
finally filtered off and crystallized from alcohol. 


a-Bromo-fatty acid amide (5 gr.) and excess dry freshly 
distilled pyridine (5 gr.) were heated on the water bath 
for about 4 hours. The reaction mixture gave a brownish 
solid which was repeatedly washed with dry ether and 
dried in a dessicator in vacuo. The products dissolved in 
water to give very clear and highly foaming solutions. 
They were sparingly soluble in alcohol and insoluble in 
benzene, ether, etc. 
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The wetting out properties of these pyridinium com- 
pounds were determined by the sinking time for wool and 
cotton pieces, Herbig number and drop number. Some 
other notable properties, e.g., (1) increasing the fastness 
of dyeings to water, (2) retarding the absorption of basic 
dyes and (3) assisting the dyeing of wool by acid, Palatine 
Fast and Neolan dyes, were also examined. 


The results for times of sinking for wool pieces clearly 
indicate that, with increase in the chain length, the time 
of sinking increases and hence the wetting power de- 
creases in the order of myristic-palmitic-stearic acids. 
However, in the case of cotton pieces the sinking time is 
ata minimum within the range of 60°-65° C, and it in- 
creases with either rise or fall of temperature, especially 
at lower concentrations. This fact was also displayed in 
the case of a-sodium sulfonates of fatty acid amides. 
The Herbig numbers of pyridinium compounds in homo- 
logous series increase with decrease in the number of car- 
bon atoms (C,, to C,.), a result which is similar to that 
obtained in time of sinking for wool pieces. Increase in 
the molecular weight of the compound depresses the wet- 
ting power. The drop numbers for the a-pyridinium bro- 
mide of stearamide are the highest, and the numbers con- 
tinue to decrease with the compounds derived from lower 
members of the homologous series. 


Substantive dyeings on cotton were aftertreated cold for 
30 minutes with 0.1 per cent palmitamide-a-pyridinium 
bromide on the weight of the fabric. Tested against an 
untreated duplicate dyeing, the after-treated fabric showed 
much less bleeding on soaking overnight in distilled water. 
Marked changes in hue were noted on aftertreatment of 
the dyed material, the shades in all cases becoming brighter, 
fuller and more pleasing. 


A wool sample pretreated with 0.1 per cent myrista- 
mide-e-pyridinium bromide dyed a fuller and deeper shade 
with Ketone Fast Orange G than an untreated sample on 
parallel dyeing. Slightly brighter and deeper shades were 
obtained in dyeing with Palatine Fast Orange GEN and 


with Palatine Blue RR on samples treated with 0.1 per 


cent stearamide-a-pyridinium bromide, and a darker shade 
was obtained on dyeing a sample pretreated with lauramide- 
a-pyridinium bromide with Neolan Bordeaux R, though 
other Neolan dyeings did not show such a well-marked 
difference between treated and untreated samples. 


To observe the stripping effect of these compounds on 
azoic dyeings cotton hanks dyed with Naphtol AS and Fast 
Red TR Salt were refluxed in a solution containing 3 per 
cent caustic soda, 4 per cent sodium hydrosulfite and 2 
per cent lauramide-e-pyridinium bromide on the weight 
of the material for 30 minutes. The dye was stripped 
irom the fiber, leaving a pale yellow tint which was re- 
moved by a mild bleach with 4° Tw. sodium hypochlorite. 
Myristamide-e-pyridinium bromide and Lissolamine A 
gave similar results. The dye was not stripped when 
no pyridinium compound was used. 


June 23, 1941 


On studying the absorption of methylene blue by wool 
in presence of palmitamide-a-pyridinium bromide it was 
observed that addition of the pyridinium compound to 
the dye bath retarded the absorption of basic dye, the effect 
being more pronounced with increase of concentration of 
the compound in the dye liquor. 


Observed results are recorded in numerous tables, and 
curves are plotted for sinking times and Herbig numbers. 
The contribution is from the Department of Chemical 
Technology, University of Bombay. 


— © $—— 


Equipment— 


(Continued from page 318) 


We have had to dismount guns designed for the defense 
of New York Harbor to send to Bermuda and Newfound- 
land. We cannot find enough rifles and ammunition, or 
tanks, or anti-aircraft guns, or planes, with which to 
accustom our present force of 1,400,000 men to the instru- 
ments of modern war. And yet we offer to all democracies 
the vast store of arms in our non-existent arsenal. 


We have been and we are being misled but we cannot 
escape the fact that we have invited and merited the 
deception which has been practised upon us. Groups here, 
as in foreign countries, have discovered that they can get 
away with it. They have discovered that the public can 
be easily deluded and deceived. 


Accordingly they take 
the easiest course. 


Patience and plausibility are about 
all that is required. These suffice to sugar-coat the capsule 
and we swallow it in sublime ignorance of the poison that 
is contained within. Too long have we left unused the 
one real safeguard we have—the power to think, to analyze 
and to evaluate—‘the will to doubt”—the determination 


to insist upon being shown what the real objectives are. 


Perhaps we have gone too far already. Perhaps the 
liberty of man must be rewon the hard way. I do not 
profess to know, but I confess to a feeling of bewilderment 
when I see this nation being herded into a war which few 
of us believe we should enter, in order to restore to 
Europe the very democratic principles which we ourselves 
are in the process of losing. 


If we are saved, we must be saved by men who can 
think, and who, because they can think, have what we 
call—with little conception of what it really is—‘vision.” 
And if we are saved by vision, it will be the vision of youth. 
Youth of the privileged class, youth that has had the 
advantage of training in a trade where knowledge is essen- 
tial but where knowledge is unproductive without thinking, 
youth that comes to maturity without preconceived con- 
cepts of the whys and wherefores, youth that wants to 
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know the essence and is not satisfied with the mere form. 
If we are saved, it will be by you and by others of your 
generation, and it will be not because of the knowledge you 
have acquired but because of the ability to think which 
you have developed. 


To you, and to others of your age, we must look for 
sanity and for ultimate salvation. Your knowledge of the 
textile arts and your equipment for a successful career in 
industry, will avail you little if you do not do your part 
in collective thinking which will result in a world in which 
you are free to follow your chosen profession. 


Don't let your mind stand idle; put it to work. Don’t 
leave your most valuable equipment unused. 
yourselves to be “taken in.” 


Don’t allow 


“There is no synthetic integrity; there can be substitute 
for thought.” 


Textile Research— 


(Concluded from page 339) 


We do not know yet what all the results are but with 
the cost of the research split so many ways, any textile 
mill which has contributed can hardly fail to get full value 
from its share of the expense even if it should only result 
in reassurance that its present practice is satisfactory. In 
spite of the apparent great gain in interest we still think 
that the contributions of the textile manufacturers have 
been far below a proportion which would represent their 
true interest in such subjects for research as sizing and 
drying. 


The makers of rayon and a number of the other non- 
textile-manufacturer contributors have built up their busi- 
nesses on research or are expanding rapidly through 
research results. With them the sponsoring of research 
has been a sound policy and there is no question, among 
people who really know, that properly selected research 
will be equally sound for textile manufacturers. It is 
undoubtedly on the increase. Sometimes progress at the 
mills may seem rather slow but we believe there is a 
substantial undercurrent of advancement in the application 
of more science to the industry (with relatively little 
publicity ). 


It is also a fair question to ask whether the things 
that are developed outside the industry by people with 
things to sell will be those that are best for the textile 
industry. The obvious answer is that the things developed 
outside have to be successful and good for the industry 
or they will not survive. However, the question still 
remains whether these things are the very best possible 
from the industry’s own point of view. Probably they are, 
but how can you know? It may indicate a duplication 
of effort to some extent, but there is only one answer. 


Check up and advance through your own research program. 
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© CLASSIFIED 6 
ADVERTISEMENTS 


The rate for “Position Wanted” advertisements in this column 
is 2 cents a word—with a minimum of 50 cents per insertion, 
For all other types of advertisements—i.e., help wanted, machinery 


or supplies for sale—the rate is $5.00 per column inch or legs 
per insertion. 


POSITION WANTED: Practical Dyer, Finisher and 
Textile Chemist. Wide experience in cotton, rayon and 
mixed fabrics. Also fast color work including Vats and 
Napthols. Write Box No. 307, American Dyestuff 
Reporter, 440 Fourth Ave., New York, N. Y. 


WANTED: Piece Dyer on Aniline Blacks and Mineral 
Khaki continuous range production. Must be fully ex-4 

Reply giving de- 
tailed. experience, references and salary expected. Write 
Box No. 319, American Dyestuff Reporter, 440 Fourth 
Ave., New York, N. Y. 


perienced and able to produce quality. 


WANTED: Piece Dyer experienced on vat production | 
Per- — 
Give full details of experience on 


of Khaki, Olive drab and other men’s wear shades. 
fect matches required. 
vat, naphtols, sulfur and direct color production, also 
references and salary expected. Box No. 320, American 
Dyestuff Reporter, 440 Fourth Ave., New York, N. Y. 


TEXTILE CHEMIST: For service and development § 
work on sizes, finishes and printing gums. Should be 24-34, 9 
with recent textile plant experience. Send full particulars 9 
including salary desired, and photo, not returnable. Box] 
No. 321, American Dyestuff Reporter, 440 Fourth Ave., + 
New York, N. Y. 

SALESMAN WANTED: 
warehouse North Carolina, 


manufacturer, { 
to handle textile oils, soaps, 4 
detergents, finishes, wetting amides, cationize-alcohol, wa 4 
ter-proofers for Tenn., Ga., Ala., S. C. George E. Sher : 
man Company, High Point, N. C. 


Northern 


National merchandising organization has opening for 
textile analyst in textile laboratory which does miscellane- 
ous testing of all kinds necessary in the valuation of fim] 
ished merchandise. Must be graduate of the chemistry] 
and textile coloring or the textile engineering course 
accredited textile institute. The location of work is if 4 
Please write fully regarding age, education, § 
nationality, marital status, work history and past earnings. § 
Box No. 322, American Dyestuff Reporter, 440 Fourth] 
Ave., New York, N. Y. j 


Chicago. 


AMERICAN DYESTUFF REPORTERG 
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